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ABSTRACT 


The early maturity of vegetable cultivars is of utmost importance 
in northern areas where the growing season is very short. 

Although studies concerning the physiology of seed germination, of 
physiology of flowering and of fruit pre and post harvest physiology 
have been numerous little research has been done in relation to the 
physiology of vegetative earliness. 

The purpose of this study was to provide an approach to the under- 
Standing or measuring of this physiological phenomenon determining some 
of the factors that might influence it and that might provide a basis 
for future research work. 

Three vegetable crops, cabbage, lettuce and tomato were grown at 
the Parkland Farm and the Plant Science Greenhouses of the University of 
Alberta during the years 1972 and 1973. 

The percentages of phosphorus and calcium in dry leaf tissues and 
the shoot:root ratio of these crops were determined and net assimilation 
measurements were conducted for tomato and cabbage. 

Statistically significant negative correlations were obtained 
between % phosphorus in dry leaf tissues and days to maturity of the 
lettuce cultivars. No significant correlations were obtained in the 
tomato and cabbage studies. 

Significant positive correlations between % calcium in dry leaf 
tissues and days to maturity were found for cabbage and lettuce. No 
consistant correlations were obtained for tomatoes. 

Significant positive correlations were obtained between shoot:root 


ratio and days to maturity for the three species studied. 
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The limited data obtained for net assimilation studies could not be 


analyzed statistically but they did suggest some interesting hypotheses. 
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INTRODUCTION 


In Edmonton and similar areas where there are only 100 days frost 
free periods to grow crops, the early maturity of cultivars is of utmost 
importance in the failure or success expected in their production. 

Early maturity provides an economic advantage to the farmer in 
allowing him ag SE his produce early. It also enables the vegetable 
industry as a whole to have fresh, locally produced vegetables for a 
longer period of time. This can be a great advantage, specially if we 
consider that in Alberta we import fresh vegetables most of the year at 
a value in excess of $10 million per year (3). Even a two week extension 
of the market could account for a very large quantity of money that could 
remain in the country. 

Studies of the physiology of seed germination, of flowering, of 
fruit ripening and of post harvest physiology have been numerous but very 
little has been done in relation to the physiology of vegetative earliness. 

Experiments conducted by M.L. Pandita (52) on the relationship of 
vegetative earliness to % P content, % dry matter, chlorophyl content 
and malic acid content of leaf tissues and by S.A. Molnar (47) on the 
evaluation of pH, total sugars and relative amounts of malate and citrate 
as a criteria for earliness in tomatoes have opened the way in this area. 
However, very little is known about what factor or factors could be used 
as an index to determine the maturity period of a certain cultivar with- 
out the need to grow it to maturity; a lengthly and expensive process. 

If an index or criteria could be found that would eliminate the 


necessity of "growing on" plants considerable savings in money and time 


might be achieved. 
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Furthermore, if a factor or combination of factors could be definite- 
ly correlated to early maturity, investigators in that area might make use 
of a better knowledge of the physiological and/or genetic bases of earli- 
ness in initiating breeding programs to improve such earliness. 

What factor or factors could be considered? Reference has been made 
to a few that have been considered in previous studies by several authors 
but undoubtedly several others might provide a better approach. 

Thus, the purpose of this study has been to find criteria that, at 
the early stages of development, could be correlated to earliness and to 
determine some of the factors that affect these criteria. 

A study that would provide an horticultural, practical approach to 
understanding or measuring these physiological phenomena might be of 
interest to future researchers. 

Three vegetable crops, Tomato (Lycopersicon esculentum L.), Cabbage 
(Brassica oleracea var. capittata L.) and Lettuce (Lactuea sativa var. 
capitata L.) were used as the test crops in the investigations. 

The relationship of four factors to the vegetative earliness of 
these crops was considered. The four factors were: percentage of phos- 
phorus and percentage of calcium in dry leaf tissue, shoot:root ratios 


and net assimilation. 
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LITERATURE REVIEW 


A. The Role of Phosphorus in Higher Plants and Its Relationship to 


Earliness 


I) The Importance of Phosphorus in Plant Nutrition. 


Phosphorus is one of the main elements needed for plant growth and 
development. Although the modern phosphate fertilizer industry did not 
Start until 1840 when Liebig demonstrated that the fertilizer value of 
bones could be increased by treating them with sulfuric acid, its use in 
the natural form such as bone or guano goes back to prehistoric times and 
has been practically world wide. 

It is generally considered that plants take up most of their phos- 
phorus as the primary orthophosphate ion HPO, and in smaller amounts, 
as HPO). Other forms of phosphorus such as metaphosphates, pyrophos- 
phates and certain soluble organic phosphates such as phytin or nucleic 
acid may also be absorbed by plants but their relative importance under 
normal conditions is practically negligible when compared to the ortho- 
phosphate ions. 

The effects of an adequate phosphorus level in higher plants are 
multiple. Historically an increase in root growth, development and pro- 
liferation has been associated with it. 

Experiments conducted by Tatsumi and Kageyama (71) on tomato seed- 
lings have shown that phosphorus promoted new root development especially 
when phosphorus had been a limiting factor. Foliar phosphorus sprays 
influenced the ability of developing shoots to absorb other nutrients, 


particularly at the early stages. 


Experiments by other authors (19, 75) have reinforced this assertion. 
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The effect of phosphorus on the development of the aerial part of 
the plant has also been extensively studied. Cutcliffe and his assoc- 
iates (20) working on the effects of several nutrients on broccoli 
plants have shown that a good phosphorus supply increases the terminal 
(central inflorescence) and the lateral (axillary stalk) growth. 
Increases in yield, earliness and phosphorus content in tissue samples 
were also observed during their experiment. D. Oprea (50) in experiments 
conducted on grape vines observed that phosphorus deficiency was respon- 
sible for a decrease in the stem diameter, in the wood/pith ratio, in 
the number of hard phloem layers, in the amount of phloem in the vessels 
and the starch supply. 

Another effect associated with adequate phosphorus fertilization is 
an increase in yields. Khupse and Kalke (36) working on cabbage plants 
have shown that a direct result of increased phosphorus levels was an 
increase in head weight, dry matter content and total yield per acre. 
Similar results were observed in beans by Mascarenhas and his associates 
in Brazil (40). 

Finally a good supply of phosphorus has been shown to hasten matur- 
ity, as will be reported in more detail, in a later section of this rev- 


iew of literature. 


II) The Role of Phosphorus in Plant Metabolism 


Phosphate metabolism in plants includes three distinct phases Croan 
The first phase involves the absorption of inorganic phosphates and their 
combination with organic molecules or radicals. In the second phase 
these primarily phosphorylated compounds transfer the phosphoryl group 


to other molecules. This step is known as transphosphorylation, In the 
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third and final phase phosphate or pyrophosphate is split from the 
phosphorylated intermediates either by substitution of an organic radical 


or by hydrolytic cleavage. 


The oxidative-reduction potential energy set free in oxidative meta- 
bolism is the main source of energy for the incorporation of phosphate 
into organic combinations. 

The potential energy that can be released by the energy rich phos- 
phate bonds gives phosphorus the key role it has in plant metabolic reac- 
tions where the phosphorylated compounds such as ATP can act as energy 
carriers. 

Phosphorylation (39) is the biochemical process by which phosphate 
or phosphoryl radicals are transported, by a transfer reaction, to an 
acceptor, increasing the reactivity of the compound, lowering the 
energy barriers and overcoming otherwise unfavorable thermodynamic condi- 
tions. 

The role of these compounds in glycolysis, Krebs cycle and certain 
aspects of photosynthesis is very well known and as early as 1952 an 
excellent review dealing with this matter was written by Harry G. Albaum 
t2):; 

Phosphorus also has a key role in the synthesis of nucleic acids and 
in the interconversion of sugars. 

The availability of phosphofructokinase and ATP seems to be a factor 
of major importance in carbohydrate metabolism. 

The importance of the exchange of phosphate between ATP and inorganic 
pyrophosphate in the synthesis of proteins could be described, according 


to G.C. Webster (82) by the following schematic process, 
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Step | Amino Acid Activation 


Mg++ 
AA + sRNA + ATP <= AA - sRNA + AMP + Pyrophosphate 


step 2 Peptide bond formation 


GTP 
n(AA - sRNA) + Ribosome = Polypeptide attached to Ribosome + nsRNA 


Step 3. Release of polipeptide from ribosome 


++ 
SUS Polypeptide + Ribosome 


Polypeptide attached to ribosome 

Finally phosphorus is a constituent not only of the sugar phosphates 
and phospholipids but also of nucleic acids, nucleotides, phytic acid and 
certain coenzymes (21) all of which are needed for plant growth and devel- 


opment. 


III) Effects of Physiological Age and Translocation on Phosphorus Levels 
of Higher Plants. 


Phosphorus (unlike calcium, manganese or boron) is readily redistri- 
buted within the plant. During periods of phosphorus deficiency a large 
proportion of the phosphorus available in older leaves may move to other 
more actively growing areas such as meristematic tissues in younger plants 
or, at a later stage, to fruits and seeds where a large proportion of the 
phosphorus in mature plants is located, becoming accumulated there during 
their development (43). Studies with radioactive phosphorus as early as 


1940 (4) have shown additional evidence of the high mobility of this 
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element. Thus, physiological age does have a marked influence on the 
accumulation levels and phosphorus requirements of different tissues. 

B.T. Cooil and associates (18) in experiments conducted in Macadamia 
trees in Hawaii have shown that the influence of phosphorus availability 
on vegetative growth is only important in young plants while at later 
stages its effect is limited to the yield of nuts produced. 

Similar effects were observed in tomato plants by Arnon and 
Hoagland (5). Plants first were grown for five weeks at adequate phos- 
phorus levels. When phosphorus was later excluded from the nutrient 
solution a detrimental effect on the vegetative growth was only observed 
when the plants were allowed to flower and fruit normally since to be able 
to supply these highly active organs with adequate P levels, a redistribu- 
tion, even from the younger vegetative tissues towards these organs had 
to take place within the plant, When plants were deflowered this redis- 


tribution was not necessary and a normal vegetative growth was observed. 


IV) Relationship Between Soil Nutrients and Phosphorus Levels in 


Plant Tissues 
The total amount of phosphorus in plant tissues is directly dependent, 
on availability in the nutrient solution (17). Experiments conducted on 
strawberries by Roberts and Kenworthy (60) have also confirmed this fact. 
However the level of other nutrients in the soil solution can also 
have a definite effect on phosphorus uptake by the plant. The relation- 
ship between phosphorus and nitrogen has been extensively studied. 


Although generally it has been reported (1, 35) that an increase 
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in nitrogen levels in the soil solution produces a decrease in the 
phosphorus content of plant tissue, this effect appears to be dependent 
on the source of nitrogen used. 

While this previous assertion is true for NO3-N, experiments conduct- 
ed by C.R. Blatt (10) on 'Acadia' strawberries and by Horada and associates 
on young plants éfoseveral species (32) indicate that NH -N has rather the 
opposite effect, i.e. increasing phosphorus uptake by the plant. Increases 
in phosphorus levels in the nutrient solution however, have always resulted 
in increases in the nitrogen levels of plant tissues. This increased nitro- 
gen has been reported by Yuda and Okamoto (85) to be mainly as protein in 
eee tissue of citrus plants, and by J.N. Davies (20) as nitrate in the 
tomato fruit. 

The ratio of N to P has been found to be a better index for determin- 
ing fertilizer requirements than the actual levels of these nutrients pre- 
sent in tissue analysis, considered independently ( 22,38). 

Srivastava and Agrawal (68) in a study of the fertilization of sugar 
cane have shown that the level of P40, present in the soil nutrient solu- 
tion is critical if heavy applications of nitrogen are applied. 

Calcium and magnesium also have a marked influence on phosphorus 
uptake due to the effect that soil pH has on the availability of this 
nutrient in solution. At low pH values and on soils high in aluminun and 
iron, phosphates are rendered less available due to their reaction with 
these elements. The addition of a liming agent will inactivate the alum- 
inum and iron ions, thus increasing the level of available phosphorus. 
However, if liming is continued to a point where soil pH increases 
much over the 7.0 pH level phosphorus availability will decrease once 


more due to the precipitation of it as calcium or magnesium phosphates (75). 


ht i stan ) assunoig tie ita ata eto 
tenn siieahs ts 


siege: destis: Bice a fy Hod - ‘i 
Pane ania ve wie 
“soubiros ‘einen ag tego "OT abt ate netsh muha atta 
sodstrozes bal 4 see vt be achriadaesst “thsi? ne: (or) seat m | 
ett) veneer BEN Ms, yaw cad Sent bat Lge) eTaeue tansivar hid 8 pe , 
Hea aso gmat ae. vd kow) «aigiong sorta | piitanston =F ; oat ee 
betiuzey evewls ved ievaword nOFI NOR gost nthe ait) in atavat 4 | 
~onidin hogeaibnr erat vepeats ane Te atevel baiiantin: ht wh a ‘on 
at abedovd un bee ‘as tas)” od sonnei bits pbuy ad bos ve i be ade 


att AE Sentin 25 (0s). eatved aM,D Xd Sine: Zsa zu t's: hak 


“shnietes “0% xebnt "sayod' 6 at} ‘ot ida ftond 26d og He oem 
ory ‘Benet ydue et Te afavel faba eat mast edhemantupion + 
VRE 3% My: eidjabiisnsbne Baap renp chelate 
‘enue 70 notoest tt yay ant” 1. wblide & et (8a) Cobaren betel ae 
ewloe tustatin feud ott nt Sngzang, aby *o foveal add tsi nwo ad 
hat lags 96 sho nnd ft ie pee ere + a 
euioaqecte na Soremitnk ‘bexyeil 6 sume gate "taepnNp Ba, a ) 
ake *o. us ie avs if qo ani fig Fue: sat +39 wad Sake 
bute tint ot dete ehtoe ne ‘ins zien Hey wot in “ora toring! 
dt wok 66° nati oy ny sfusiifieve eeat Aoetoohn | 
wt eit anittsaat: New ined ‘MES 8 oy ”b 2 ne 
tiptioncno earings % (svar ae green wees ai wee 
" edawrsar ny thee rey che + 4 ‘bounties et game Wem 


The aluminum:phosphorus ratio is very important in the uptake of 
phosphorus (64) due to the binding effect of the aluminum jon. 

An increase in cobalt (6) and boron (49) levels in the soil solution 
has been shown to have a positive effect on phosphorus uptake by the plant 
and on the levels present in leaf tissue. 

Generally adequate levels of all plant nutrients are directly or 
indirectly required for a normal phosphorus uptake and turnover by the 
plant since plants suffering from deficiency or toxicity symptoms of any 
nutrient are bound to have a general imbalance in their metabolic activi- 


ties and thus will affect the presence of phosphorus in tissues. 


V) Other Factors Affecting Phosphorus Levels in Plant Tissue 


Other factors also have an important effect on the uptake of phos- 
phorus. 

Low osmotic potentials have been shown to decrease the phosphorus 
uptake by beetroots in a study conducted by Resnick and Flowers (58) in 
1971. 

Soil moisture also has a direct influence on phosphorus uptake. 
R.M. Thorup (74) measured the phosphorus uptake by tomato plants under 
controlled soil moisture conditions. Decreases in soil moisture levels 
produced a marked decrease in phosphorus uptake by the plants. Wilson, 
(84) in experiments done on one month old Trtfoltum subterraneum 
plants at different levels of moisture depletion showed that the 
amount of acid soluble phosphorus compounds decreased markedly when the 
relative turgidity was low. Decreases of 50% or more were found in most 
phosphorus compounds in wilted plants in which relative turgidity was 


20-45%. Large decreases in the concentration of these compounds were 
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also found at levels of 70% relative turgidity while a rapid increase in 
concentration was observed when plants recovered full turgidity under 
proper moisture levels. 

Soil temperature has a marked effect on phosphorus absorption. 
Carter and Lathwell (17) on experiments conducted on excised corn roots 
have reported that the 10 of the orthophosphate absorption is approxi- 
mately 2, that is that for every 10C increase in temperature approximat- 
ely twice the amount of orthophosphate is absorbed by the roots. 

The use of growth regulators has also been reported to affect phos- 
phorus content in plant tissues. Generally higher amounts of phosphorus 
in tissues and a faster uptake of this nutrient have been reported by 
authors working with these substances (16, 34, 51). However Fedorov (23) 
working on apples and golden currant cuttings reported that IAA and 2,4-D 
applications inhibited the absorption of phosphorus by these species. 

Carbon dioxide enrichment of the atmosphere has been reported by 
E.T. McEvoy (42) to increase the rate of uptake of phosphorus in Chrysan- 
themums, geraniums, and cucumbers at ranges between 500 and 1500 ppm of 
carbon dioxide concentrations. 

Finally some other factors such as air temperature and light condi- 
tions may also affect phosphorus uptake mainly through their effects on 


plant growth and metabolic activities. 


VI) The Relationship of Phosphorus Uptake and Content in Plant Tissues 
to Earliness 
Phosphorus fertilization has been claimed to be responsible for 
hastening maturity. In experiments done on tomato plants in Bologna, 


Italy, (26) increases in phosphorus fertilization were shown to increase 
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the size of the fruits and to hasten maturity. Similar results were 
obtained by J.S. Brar and associates (12) working on the same species. 

According to A.L. Sommer (66) the effect of phosphorus on maturity 
is probably due to the increase in growth that higher levels of this 
nutrient can promote, growth that allows the plant to take up other ions 
at a faster rate. These ions may thus become limiting factors responsible 
for the hastening in maturity. 

M.L. Pandita (53) in experiments conducted at the University of 
Alberta on tomato, radish, cabbage and lettuce plants found that a cor- 
relation existed between total phosphorus present in leaf tissue samples 
and days to maturity. Studies were conducted on cultivars of these crops 
with different maturity periods. With each of these four crops a signi- 
ficant correlation was found at some stage of growth between earliness 
and phosphorus content in leaf tissue samples. Correlations were greater 
at the earlier stages of plant growth. For cabbage and radish this cor- 
relation was found to be positive whereas for tomatoes and lettuce the 
correlations were found to be negative. 

He tentatively concluded that in the case where positive correlations 
were found, a higher phosphorus level in plant tissues might help in 
hastening physiological processes, but no possible explanation, with the 
data available, could be given for the negative correlations although the 
possibility of these results being dependent on genetic factors was 
mentioned. 

Later experiments conducted by E.B. Casement have indicated consid- 
erable variation in such correlations relating to cultivars (personal 


communication). 
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B. The Role of Calcium in Higher Plants and Its Relationship to Earliness. 


I) The Importance of Calcium in Plant Nutrition 


Calcium is an element required by all higher plants. 

Its uptake is in the form of Ca"* ion which takes place mainly from 
the soil solution and probably, to a lesser extent, by the process of 
contact exchange (75). 

Calcium is necessary for Hod wenn dwor. Ekdahl, as reviewed by 
Brayer and Stout (14) found in studies conducted on the roots of wheat 
plants that in the presence of calcium salts six times the elongation of 
root hairs is produced. This was attributed mainly to the effects of 
calcium on pH. 

H. Sorokin and A.L. Sommer (67) have shown that calcium is necessary 
for the continued growth of apical meristems in Piswn sativum roots where, 
in the absence of calcium, mitotic divisions become aberrant or suppressed, 

High external calcium levels have been reported by H.E. Street (69) 
to cause stunting of root hair growth presumably by hardening the growing 
tip. 

Studies done by Barke and Menary (7) on tomato plants where calcium 
deficiency was induced through the use of ammonium salts, determined that 
calcium deficiency may cause Pith Rot. Foliar sprays of calcium were found 
to offset yield reductions resulting from moderate fertilizing with (NHa)» 


SO High total calcium in the plant was directly related to a marked 


4" 
decrease in fruit yields. 
Y. Miura (45) reported that increasing levels of calcium in the 


nutrient solution decrease general growth and make the leaves leathery 
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in appearance in studies conducted on Cyelanen perstecum plants. 

These apparent contradictions on the enhancing or inhibiting effect 
of calcium on plant growth and particularly on root growth might be 
explained in the light of evidence obtained by A. Wallace (89) that cal- 
cium is needed only in trace amounts by higher plants, whereas the usual 
large levels utilized may primarily only detoxify other elements. Bush 
beans grew very well when calcium content of leaf tissue was only 210 
ppm and that of the root tissue 350 ppm (on a dry weight basis). To 
obtain normal plants at very low levels of calcium in the nutrient 
solution it was necessary to reduce the levels of other cations such as 
iron, magnesium and copper since they were otherwise toxic. 

Another effect of calcium on plant growth is to reduce the incidence 
of some physiological disorders such as Pith Rot and Blossom End Rot (B.E.R.). 
C.R, Millikan and associates (45) found that on tomato plants B.E.R. 
incidence decreases with the presence of higher levels of calcium and that 
the K:Ca ratio was higher in fruits affected by this physiological disease. 

The main effects of calcium are probably due to its effect on the 
soil pH. The value of liming has been known from antiquity. The early 
dwellers of Aegina applied marl, soft unconsolidated deposits of calcium 
carbonate, to their land and the Romans, who learned its use from the 
Greeks and Gauls even classified the various liming materials. Columella 
and Pliny made recommendations for its use. 

The indirect benefits that calcium thus provides are multiple (75). 

The availability of microelements, with the exception of molybdenum 
increases with a decrease in the soil pH value and this can have serious 
consequences due to the toxic nature of many of these elements at anything 


other than minute concentrations. Aluminum and manganese solubility 
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increases with a decrease in soil pH and this, in addition to its toxic 
effects, can interfere with the adsorption of magnesium and other basic 
cations including calcium itself. Molybdenum deficiencies are related 

to low pH values in the soil. 

Detrimental effects on nitrification also take place at low pH 
values and liming with calcium salts can counteract this effect especial- 
ly since most of the organisms involved in the nitrification of ammonia 
require large amounts of active calcium. 

Decomposition of plant residues and breakdown of organic matter is 
also reduced in acid soils. Nitrogen fixation, both symbiotic and non- 
symbiotic is also affected in acid soils. Calcium salt, by raising the 
pH values of the soil can exercise a favorable effect on all these 
phenomena. 

Finally the structure of fine textured soils may also be improved 
by liming due mainly to an increase in the organic matter content and, 


to a lesser extent, to the floculation of calcium saturated colloids (75). 


II) The Role of Calcium in Plant Composition and Metabolism 


Calcium is found in abundant quantities in leaf tissues where solid 
deposits of calcium oxalate and even calcium carbonate are sometimes 
found along the vascular bundles of these organs. Sulfate and phosphate 
ions probably also contribute insoluble calcium salts in some cases. 
However much of this element is found in plants in the vascular sap where 
it often precipitates as crystals of calcium oxalate. Calcium is also 
found in the cell walls where it is believed to form relatively insoluble 
salts by reacting with pectic acids in the middle lamella. These calcium 


pectates are generally accepted to act as cement between the adjacent 
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primary walls so that the cells of a tissue remain bound to one another. 


According to Satisbury and Ross (63) this could explain why calcium 
deficiencies cause a marked inhibition of bud development and death of 
root tips since cell division is most active in these meristematic areas. 
The cell plate that divides two daughter cells is rich in pectic substances 
and under normal circumstances it would become the cell lamella. Perhaps, 
these authors advance, calcium performs an essential function in its syn- 
thesis and stability. 

In higher plants at least, calcium is needed in low concentrations 
in membranes to maintain their proper structure and differential permeabil- 
ity characteristics. 

Calcium also forms salts with other organic acids and may enter into 
combination with protein molecules. 

It is possibly involved in binding the R.N.A. to the protein in the 
chromosome and its defficiency can cause chromosome fragility (21). 

Calcium is also known to have a role in the nitrogen metabolism of 
plants and appears to be important in the reduction of nitrates in plant 
tissues (44). 

Calcium is an essential part of the <amylase enzyme, that is directly 
involved in starch digestions and calcium is also required as a cofactor 
by some other enzymes involved in the hydrolysis of ATP and phospholipids. 

Finally there is some suggestion that the absorption of calcium in 
combination with other cations may be essential for the synthesis of 
organic acids whereas traditionally it had been considered that the forma- 


tion of calcium salts of these acids prevented their accumulation in toxic 


quantities within the cell. 
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III) The Effects of Physiological Age and Translocation on Calcium Levels 
in Higher Plants 


Calcium is relatively immobile in plant tissues and will not move 
readily when it becomes deficient in the nutrient solution and, in contrast 
to phosphorus and potassium more calcium is present in the older than in 
the younger leaves. 

However H. Saitoh (62) reports that in calcium deficiency situations 
in tomato plants this ion is transported from the lower, older leaves, to 
the newly formed ones and the lower the calcium status is in the plant 
the greater the transport rate. If calcium status is high the opposite 
flow might occur. Basically, similar conditions have been reported on 
peanut plants by Burkhart and Collins (15) where crystals of calcium 
oxalate in old leaves disappear at times of severe stress and are 
reformed in very young leaves indicating that some degree of redistribu- 


tion takes place. 


The question still remains whether this redistribution of calcium 
is sufficiently rapid or complete to meet the metabolic requirements of 
the younger tissues. 

Calcium appears to have more importance during the early stages of 
plant growth when there are very high meristematic activities. 
V. Hernando and associates (30) have reported that calcium levels in 
tomato sap decreased constantly during the plants development and that 
this decrease was particularly evident during the first month after their 
germination. 

These authors also found that the lower the calcium level the more 


readily N was absorbed and that the dry matter content was higher when 


adequate N and moderate amounts of calcium were provided. 
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IV) The Relationship Between Calcium and Earliness 


Although no report linking calcium levels to early maturity was 
found its influence On growth and ion absorption may have a marked 
effect on this phenomena. 

If we accept Sommer's hypothesis regarding the influence of phos- 
phorus in enhancing early maturity (66) similar effects could be due to 
calcium, since its action in promoting or inhibiting the uptake of other 
ions would be due not only to the increase in growth it may cause but 
also due to its effects on the availability of the other ions in the soil 
solution. This factor however is much more complex for calcium than for 
phosphorus. 

Recent experiments by D.A. Hegwood (29) on the effects of soil cal- 
cium levels on mineral concentrations in lima bean seedlings have shown 
that increases in calcium levels also increase the amounts of barium, 
copper and the Ca:Mg and the Ca:Sr ratios in above ground tissues while 
decreasing the levels of P, K, Mg, Zn, Mo, Mn, Fe and Al. In root tissues, 
only the calcium levels and the Ca:Mg ratio were increased while the P, 
Ba, Zn, B, Mo and Mn levels decreased. These effects, although beneficial 
in detoxifying some ions that otherwise would be in toxic amounts might, 
through the reduction of phosphorus, delay maturity. 

Furthermore high calcium levels appear to inhibit rather than promote 
growth (7, 46, 49) by precipitating phosphorus as calcium phosphates, thus 
making it unavailable. Calcium also, by hardening the root tips, can 
inhibit root hair growth. These effects could be factors in delaying 
maturity. 

Calcium has also been found in experiments done in cotton plant cells 


by Rehfeld and Jensen (57) to reduce the movement of all types of products 
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such as photosynthetic products, amino acids and Organic acids. This in 
turn might reduce the metabolic activity of the plant and thus retard 
maturation. 

It would appear that if any relationship exists between earliness 
and calcium levels in the nutrient solution or calcium levels in the 
plant it would be very dependent on the amounts of calcium applied and 
of the balance of other ions, While small amounts of calcium that 
might be required to detoxify other ions and to form the middle lamella 
could enhance growth and thus have a positive indirect effect on maturity, 
larger amounts, when these functions have already been fulfilled could 


have the opposite result. 


Finally recent experiments in corn and rumex plants by Poovaiah 
and Leopold (56) have shown that added calcium delays leaf senescence due 
to the fact that senescence is probably a consequence of the deterioration 
of membrane compartments in the leaf cells. 

By retarding senescence, calcium applications could also influence 
maturity. Especially in leafy crops maturity could be considered to be 
retarded by this effect since they are harvested at a senescent stage. 
However senescent leaves have very low metabolic activities and extremely 
low or negative net assimilation rates. By keeping them active for a 
longer period of time an actual enhancement of maturity might be achieved 


due to the faster growth induced. 
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c; Factor's Affecting Shoot:Root Ratio and Its Possible Relationship 
To Early Maturity 


The shoot-root ratio is influenced by reciprocal correlative influ- 
ences between the roots and the aerial parts of the plant (44, 24). 
Environmental conditions are responsible to a large extent for the kind 
and magnitude of these correlative influences. The nutritional factors, 
nitrates in particular, seem to be one of the most important variables 
determining these relationships. 

High nitrate availability in the nutrient media has been shown by 
Turner (76) to increase the shoot:root ratio. This is mainly due to the 
influence nitrates have on the internal food relations of plants. 

At low nitrate concentrations most nitrates absorbed are utilized in 
the synthesis of amino acids in the roots and the carbohydrates neces- 
sary for this process are translocated down from the leaves; these amino 
acids in turn, are used in protein synthesis during root growth. The 
tops, to which a very small proportion of the nitrates is available, 
are therefore somewhat deficient in proteins. 

When more nitrates. are present in the nutrient solution a larger 
proportion of them is available to the shoots. The shoots may thus 
synthesize more protoplasmic proteins which in turn may enhance vege- 
tative growth. 

Another important factor that influences the shoot:root ratio is 
the supply of carbohydrates within the plant (44). A decrease in photo- 
synthetic rates or any other factor decreasing the amount of carbohydrates 
will in general increase the shoot:root ratio while its increase will, in 


contrast decrease this index. 


Plants grown in the shade for example have higher shoot:root ratios 
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than the ones grown under adequate light intensities. 

Conflicting reports are given for the effect of removing flowers 
and developing fruits. Meyer and Anderson (44) indicate that removal of 
foliage decreases the shoot:root ratios mainly by inducing an increase 
in root growth. Van der Post and Van der Meys (79) in experiments con- 
~ ducted on tomatoes, cucumbers and capsicum peppers reported that the 
removal of flowers and fruits in these crops kept the shoot:root ratio 
constant. 

The relationship of photoperiodism to shoot:root ratio has been 
studied by Roberts and Struckmeyer (61) and reported on by Meyer and 
Anderson in their Plant Physiology textbook. These authors found that 
long day plants have higher shoot:root ratios under long photoperiod 
conditions. Short day plants have higher shoot:root ratios under short 
photoperiod conditions. 

Available moisture has also been proven, as early as 1914, to 
influence this ratio in experiments conducted by F.S. Harris (28). 

It is evident that shoot:root ratios are influenced by many factors 
and may influence earliness in several different ways depending on the 
particular conditions of the plant and of the environment. under study. 

High shoot:root ratios appear to be directly correlated to an 
increase in growth. This would probably enhance maturity according to 
A.L. Sommers hypothesis (66) referred to in the phosphorus review. On 
the other hand low carbohydrate availability in the plant can produce 
very high shoot:root ratios whereas high carbohydrate levels are associated 
with low shoot:root ratios. Since carbohydrate concentrations increase 


with maturity, shoot:root ratios could be expected to decrease with 
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increased maturity. 

The idea that a more efficient or proportionally larger root system 
could have a positive effect on maturity, although perhaps oversimplified, 
appears to be reasonable. A plant that has a proportionally larger or 
more efficient root system may be able to provide better for the moisture 
and nutrient requirements of its aerial part. This would be a definite 
ae for a faster uptake of the elements required for the plant 
nutrition. These elements can eventually become limiting factors and 


thus enhance maturity. The purpose of this section of our study has been 


to investigate this possibility. 
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D. Factors Affecting Net Assimilation and Its Possible Relationship To 
Early Maturity 


I) Net Assimilation In Relation To Earliness 

The net assimilation of carbon dioxide by the plant can be defined 
as the difference between the amount of carbon dioxide taken up by photo- 
synthesis and the amount released by respiration per unit time. 

The changes that occur hour by hour and day by dayin this net 
assimilation process are largely responsible for the productivity of 
vegetation, either wild or cultivated (41) since this is the main process 
that plants have to increase in dry weight and thus produce healthy growth. 

Therefore it is very probable that net assimilation rates have a 
basic influence on the early maturity of specific cultivars of crops. 

The fact that species from areas where the growing season is short 
appear to have a relatively high photosynthetic capability, compensating in 
part for their shorter growth period (44) seems to corroborate this fact. 
This capability seems to be related mainly to their capacity to take better 
advantage of several factors such as longer daylight hours. They appear 
to lack the photosynthetic efficiency which some tropical plants such as 


Sugarcane possess. 


Several factors or combinations of factors can affect net assimila- 


tion rates due to their effect either on photosynthesis, dark respiration, 


photorespiration, or on all three. 


II) Factors Affecting Net Assimilation 


Before going into the different factors affecting net assimilation 


it is necessary to realize that even if for simplicity purposes we normally 


pepe - ee ae ti 3 ie on i 7a thee adel Millage Ai 
nT . i it. LPR Sa. iN ip Wee 
pa nt ze iis 4. iat lua _— pareees..e ; —— ee ain ce mee ee 
ft ; he 
ek ae 
A) ay aud 
eer ay rf 
FI ; 
i oe y 
Lab aE is Bon 
avd 


hant tel od nny Sy. ort? ee meer rete  YowtohssFtntoee & 
stodgy yd du Ae, abbiaib nadie FO) Swot. ‘ee mognoed 2 
ae a ras 99 sone ateqes. ya! boston snus wt 


~ 


fan 2 npyeh ye nm bie ‘vce ih engon 1039 fark 

¥0 Vhtvirabboty ory 10% afdteagarsy yfapat ead ersnong 
seosord nrem sat ef (erat sango.6 7h) badeut iting 1 bthw vastate, 
newotw vind Fest That FW DIB i Sw VIB nti session} Les g ove 
fi yA Sat Norieltnfz26 soy «pale b atiadon ya: eT ci 
CIT FO 27 EVETITUO St tte sage , ty bod PUT em elves any pes 

J 

SyGH2 er NOaweS BAT worp ais ee fay ERE no askosae: ini 

nt pnttevnadndo ivePlidedao 5 Ft ne te ly rece cleviaeten B owl z 
.t36t 2rd 9d Biedod oD AS 2mnaee Ag) boing seb wot ost vhaed 


a. 


‘aitad alst.of wtfosyeo: yous oe NTL gta benalion oak ie amie iting 2D 
- a 


“yiedas: Neat. enon de hfuab donlente a6 doe" aegtoat fever vols 
28 dpue 2dnelg tsatdons smo2” draw coma sttitameensera » 


i ae 
a sila 


= Ya: Pgh Tepe Guat a ra canesog't 
cml rintee6 ‘ten (sae NBS ep aet 90: anointing 0 atorady i ‘ 
a Hv 
dalle Holey sient: Nenad no nadia Sagtze viene! of a 


Ley : . 7 


i am Lael ne st, fi notiontya re 


: 

ey ee 
ate naan wait ae aa i it i ) 

a erg 


23 


talk of "maximum", "optimum" and "minimum" values for each of them, really 
these values do not exist as such. In net assimilation, as in most other 
metabolic processes, we are not looking at individual, totally isolated 
factors but rather at a number of them interacting with one another and 
the rate of the process is limited by the rate of the "slowest" one. 

This principle was enunciated by Blackman (9) in his "Principle of 
Limiting Factors". With this in mind let us proceed to briefly review 
some of these factors. 

Carbon dioxide concentration in the atmosphere plays a major role 
in photosynthesis and thus in net assimilation. In general terms, an 
increase in the concentration of carbon dioxide in the surrounding atmos- 
phere increases the photosynthetic rate, until some other factor, as light, 
becomes limiting. The injection of carbon dioxide in the greenhouse 
atmosphere is a well known practice used particularly by flower growers 
to improve growth. 

Light is another of the main factors influencing net assimilation 
since the energy stored by green plants during photosynthesis can be sup- 
plied only by light. In general terms an increase in light intensity 
produces an increase in the photosynthetic rate until some other factor, 
usually carbon dioxide, becomes limiting. The "saturation point", that 
is the point at which no more increases in the photosynthesis rate can be 
achieved by increasing the light intensity, even in the absence of any 
limiting factors, changes from species to species and from cultivar to 
cultivar and even within the same plant depending on the phenological 
stage at which it is measured. This was demonstrated by T.F. Talling (70) 
in experiments on photosynthesis under natural conditions. 


The lower limit at which plants can start to photosynthesize, even 
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if the other factors are kept at a, so-called "optimum", also varies 
depending on the species, cultivar and origin. 

The time during which the plant is exposed to light can also have 
a bearing on net assimilation rates. Although generally the longer the 
exposure the larger the total amount of carbon dioxide fixed, the rates 
can decrease after a relatively long period of light exposure, 

Experiments conducted by Upmeyer and Koller (78) on soya bean 
leaves in net photosynthetic rates diurnal trends have shown that after 
10 hrs of Tight exposure, the rate of photosynthesis starts to decline 
to as little as 15% of the initial rate by the time the plants have 
reached a 16 hr photoperiod. A high starch level, impairing further 
synthesis of starch and leading to an increase in soluble carbohydrate 
level was advanced as a possible explanation of this decline. Neales 
and Incoll in a review of this hypothesis (48) present extensive 
evidence that seems to corroborate it. They recognize however, that 
there is not yet any definite proof that net assimilation rates and 
leaf carbohydrate content are causally associated. 

Temperature is another factor closely related to net assimilation. 
Photosynthesis can occur over a wide range of temperatures. Freeland 
(25) has reported that positive net assimilation can occur in some 
species of conifers in temperatures as low as -6 C, Mayo et. al. 
(A? ed ny edin eapllaieasucements of carbon dioxide assimilation by Dryas 
integrtfolia in the Northwest Territories demonstrated that positive 
net assimilation occurred in this species at leaf temperatures as low 


as 1 C and in the laboratory at -4.5 C ( personal communication). 
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The other extreme is represented by Tidestronia oblongifolia. 
Bjorkman and Pearry (8 ) on field studies conducted in Death Valley, 
California found that the "optimum" temperature for photosynthesis in 
this plant was 47 ¢ leaf temperature and positive net nanny values 
could be observed at temperatures over 50 C, Higher temperatures also 
increase the respiration rates and thus could have a negative effect 
on net assimilation since respiration increases exponentially. 

The relationship between temperature and light has been studied by 
several authors (13, 31, 72). 

Taylor and Rowley (72) have demonstrated that chilling temperatures 
combined with high light intensities cause a progressive reduction in 
the photosynthetic capacity of several tropical and subtropical species. 

Brooking and Taylor (13) have advanced the hypothesis that this is 
due to some time and temperature dependent blockages that develop in the 
interconversion of Cy pathway intermediates and possibly in the flow, 
to and from the sites of Cy photosynthesis, of other intermediates. 

Nutrient availability also has a marked effect on net assimilation. 

The influence of phosphorus, a nutrient related to earliness as 

previously reviewed has been studied by Terry and UTraéh (7 3% In 
experiments with sugar beet (Beta vulgaris L. var. F5855441) cult- 
ivated hydroponically under standardized environmental conditions, phos- 
phorus was removed from the nutrient solution 28 days after germination. 
Leaves grown with adequate phosphorus supply showed rates of CO, Fixation 
three times as high as those of plants where the phosphorus supply had 
been discontinued. This decrease in rates was associated with increased 


mesophyll resistance during the first 15 days and with increased leaf 
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(mainly stomatal) diffusion resistance in the next 15 days. Phosphorus 
deficiency has also been associated with increases in chlorophyll con- 
tent in leaf tissues (55). 

Most other nutrients such as N, Mg, K, etc. also have a larger or 
lesser effect on net assimilation since any deficiencies can alter the 
metabolic balance of the plant. 

Water stress and osmotic potentials (i.e. salinity) are other well 
known environmental factors that influence net assimilation. 

Finally some internal factors such as chlorophyll] content, hydration 
of the protoplasm, accumulation of end products of photosynthesis and 
leaf anatomy have been advanced as being partially responsible for the 
changes that can occur in net assimilation rates. 

Although chlorophyll is the main pigment involved in photosynthesis 
its total content does not seem to be proportionally correlated to net 
assimilation rates. 

Experiments by Willstatter and Stall (83) demonstrated, as early 
as 1918, that there is no proportional relationship between chlorophyl!] 
content and photosynthesis rates in the leaves of vascular plants. 

It is important to point out however, coming once again to the main 
line of interest, that in experiments conducted in this University by 
M. Pandita (52) a direct negative correlation was found between a + b 
chlorophyl] content in leaf tissues and days to maturity of different 
cultivars in three vegetable crops. The shorter the growing period of 
the cultivar, the lower the a + b chlorophyll] content in leaf tissues. 
This in turn could be related to the phosphorus supply effects we have 
previously mentioned showing once more the complexity of the factors that 


regulate net assimilation, growth and earliness in green plants. 
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PART ONE 


THE RELATIONSHIP BETWEEN PHOSPHORUS CONTENT OF LEAF TISSUES AND DAYS TO 


MATURITY OF THREE VEGETABLE CROPS 
A. Materials and Methods (Common to Part One and Two). 


One fruiting vegetable crop, Tomato (Lycopersicon esculentum L.) and 
two leafy vegetable crops, Cabbage (Brassica oleracea var. capitata iy 
and Lettuce (Lactuca sativa var. capitata L.) were selected for these 
experiments. A fourth vegetable crop, Cauliflower (Brasstca oleracea var. 
botrytts L.) was eliminated from the investigations because of the diffi- 
culty in maintaining the plants under growing conditions available. 

Cultivars varying in their maturity periods from very early to very 
late and with at least 10 days difference in maturity among them, were 
selected. 

Whenever possible preference was given to cultivars already well 
known and performance tested in western Canada, 

The days to maturity considered for the different cultivars refers 
to the commercial and not to the physiological maturity, In the case 
of tomatoes it refers to the time elapsed between germination and the 
date the first 6 fruits were harvested, using, as the criteria for har- 
vesting the stage at which the fruits started to show a pink coloration 
at their distal ends. For cabbage and lettuce the dates at which 60% of 
the heads were marketable was used as the maturity index. Marketable 
heads were considered to be those which had reached a peak in size and 


firmness. 
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Although these criteria are, by necessity, quite arbitrary, they 
are the ones commonly used in the vegetable industry and to provide a 
certain degree of standardization the average days to maturity of these 
cultivars during the years they had been tested at the University of 
Alberta, were used. 

This was a minimum of 2 years of tests for Burpees Big Boy tomato ~ 
cultivar and, in the maximum case, 9 years for the Early Fireball tomato 
cultivar. The average number of years tested for all cultivars in the 
3 species used was 4 years. 

The cultivars tested in these particular experiments were grown to 
maturity under field conditions in the summer of 1972 and again in the 
Summer of 1973, and in the greenhouse of the Plant Science department in 
the winter 1972-73 and the summer of 1973. 

Although some variation between these results and the averages were 
found it did not exceed + 4 days in any case except for the greenhouse 
winter experiment where a general delay of about 10 days in maturity was 
experienced in all species. However, the differences between cultivars 
in maturity periods remained practically constant with only a difference 
of + 2 days in the worst situation (winter greenhouse experiments for 
cabbage) so that their relative maturity in respect to each other was 
not affected. 

The greenhouse experiments for all species were conducted at the 
Plant Science greenhouses, the field experiments were conducted at 


the Parkland Farm of the University of Alberta. 


Simple correlation coefficients were calculated to determine whether 


there was a relationship between earliness and the factors studied during 


these investigations. 
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1) Lyeoperstcon esculentum L. 


Three experiments were conducted with this crop. Two greenhouse 
experiments, one in the fall of 1972 and one in the summer of 1973, and 
one field experiment also in the summer of 1973. four tomato cultivars 


were selected as follows: 


Days to 
Cultivar .. Maturity* Source of Seed 
Rocket 101 Stokes Seed Co., St. Catharines, Ont. 
Early Fireball 117, Stokes ‘Seed Co., St: Catharines, Ont. 
Manitoba 124 Stokes Seed Co., St. Catharines, Ont. 
Burpees Big Boy 134 Robertson Seed Co., Edmonton, Alta. 


* Average days from germination to 6 ripe fruit in Edmonton area. 


1. Greenhouse experiments. 

The seeds were sown in small flats using 50-50 UC mixture (Apdx I) 
as the seedling media. 

Row spacing was 6 cm and the greenhouse day/light temperatures were 
24C/21C. 

Two weeks after germination the plants were pricked out and trans- 
planted into 15 cm plastic pots containing 50-50 UC mixture. 

Thirty-six plants per cultivar were transplanted, two plants per pot. 

The 18 pots per cultivar were divided in three replicates of 6 pots 
and the cultivars were located at random within each replication. The 
purpose of this procedure was to provide for the possible environmental 
variations in the greenhouse compartment. 


Each pot was watered with 50 mi of a starter solution consisting of 


79/1 of 10-52-17. 


A second application of 10-52-17 at the same concentration per 


litre was given two weeks later. 
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2. Field experiment. 

The plants were started in the same way as for the greenhouse exper- 
iments. | 

Two weeks after germination they were pricked out and transplanted 
into wooden flats 30 x 45 x 7.5 cm, with 12 plants per flat. The same 
Starter solution as in the greenhouse experiment was applied. 

Two weeks after pricking out the flats were taken to the University's 
Parkland Farm where for a week they were kept in open frames for hard- 
ening and were then transplanted into the field at a distance of 75 cm 
between plants and 150 cm between rows. Single plots consisted of 8 
plants of a single cultivar. There were four cultivars, for a total of 
32 plants in each replication and two replications were used for these 
experiments. 

The cultivars were randomized within each replication and two guard 
rows of 'Rocket' were used at the ends of each replication. 

Five hundred millilitres of starter solution consisting of 7q/1 of 
20-20-20 soluble fertilizer was applied just after transplanting and 


this application was repeated two weeks later. 


The official classification of the soil at Parkland farm is Malmo 
Silt Loam (11) which is an eluviated black soil developed on lacustrine 
material. 

The available nutrients in soil samples taken from the area in 
which the plants were grown was 62-67 kg/ha of available nitrogen, 
56-62 kg/ha of available phosphorus and 336 kg/ha of available 


potassium. The soil contained a medium amount of organic matter and 


had a pH of approximately 5.7. 
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Collection of Samples 

In both the greenhouse and field experiments the first tissue sam- 
ples were collected three weeks after germination. 

Dut to the small size of the seedlings at this stage all of the top 
growth from the point of development of the lowest leaf upwards was col- 
lected from one of the two plants in each pot. The remainder of the 
plant was up-rooted and discarded leaving only one plant per pot. In 
the case of the field experiment samples were taken from one full flat. 

Five weeks after germination a second sample was taken following 
the Ward method (81). The fifth leaf from the growing tip was taken. 
Both the blade and the petiole were included. This was done for all 
plants in all replications and the samples of the same cultivars of 
all replications were then pooled. Additonal samples using the same 
procedure were taken 7 and 9 weeks after germination. 

These pooled samples of each cultivar were dried at 60 + 2C ina 
forced draft oven for 72 hours, ground to a fine powder with the aid of 
a grinding machine and then kept in hermetically sealed containers to 


avoid moisture inbibition prior to analysis. 


Analysis 


The fine powdered samples were analyzed on a "Technicon" Auto- 
analyzer (59) at the Soil and Feed Testing Laboratory of the Alberta 
Department of Agriculture. 


The first step in the analysis was to weigh the samples to a tenth 


of a milligram approximation. 


Samples were then wet ashed by the nitric-perchloric acid digestion 
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procedure. A 2:1 V/V nitric-perchloric acid mixture was prepared. Twelve 
ml of this mixture was added per each gram of sample. Samples and diges- 
tion mixture were placed in a Micro-Kjeldahl flask and a few glass beads 
added. The flasks were placed on a hot plate at about 250-300C until 

the digestion was completed as indicated by the clear color of the sample. 
Upon clearing, the sample was left to cool for 5 minutes. 

After cooling, 100 ml of bidistilled water was added to each sample 
and mixed. Aliquots of 1.8 ml of these diluted samples were then placed 
in small vials. The vials were placed on a perforated disc alternated 
with vials containing only bidistilled water to avoid any "memory" effects. 

The disc rotated at one minute intervals exposing subsequent vials 
to a sampling device that took an aliquot of the sample and, through a 
T connection, divided the aliquot into two portions, one for the phosphorus 
analysis and the other for the calcium analysis. 

These portions continued to progress through two different capillary 
tubes toward a proportioning pump where each was mixed with the required 
amounts of the appropriate analytical reagents. The reagents also came 
through capillary tubes. 

The phosphorus sample was mixed with a composite solution consisting 
of 1 g of ammonium metavanadate dissolved in 300 ml of distilled water, 
brought to the boil and mixed with 20 g of ammonium molybdate dissolved 
in 400 ml of water. The solutions were then mixed with 140 ml of nitric 
acid and diluted to 1 litre. 

The calcium sample was mixed first with cresolphthalein complexone 
plus hydroxy quinoline and then with a base solution of 0.5 grams of KCN 


dissolved in 500 ml of distilled water plus 150 ml of diethylamine, then 


diluted to 1 litre. 
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The purpose of the hydroxy quinoline was to avoid magnesium inter- 
ference. 

Air was also added to both samples and each was mixed with its own 
reagents in a double mixing coil. 

The calcium sample was immersed in a water bath at 39C since the 
reaction to follow is very sensitive to temperature and appears to prog- 
ress better at this temperature. 

Finally the phosphorus sample was subjected to a colorimeter deter- 
mination with settings of 420 m and 15 mm flow cell. The settings for 
the calcium determination were 580 mu and 8 mm flow cell. 

The results of these two determinations were recorded simultaneously 
on a chart with a different colored line for each determination. 

A set of standard solutions for both phosphorus and calcium were 
run through the autoanalyzer and the resulting graphs were used to plot 
the results obtained from the experimental samples. The results were 
expressed in parts per million on the ion in question. Parts per million 
data was converted to percentages of phosphorus and percentages of calcium 
in relation to total sample dry weight. 

A detailed flow diagram of the technicon autoanalyzer is shown in 


Figure 1. 


II) Brassiea oleracea var. capttata L. 


Four experiments were conducted with this crop: three greenhouse 
experiments, in the fall of 1972, the winter 1972-73 and the summer of 


1973, and one field experiment in the summer of 1973. Four cabbage 
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cultivars were selected as follows: 


Days to 
Cultivar Maturity* source of Seed 
Emerald Acre 80 Stokes Seed Co., St. Catharines, Ont. 
Copenhagen Early 
Market 95 Stokes Seed Co., St. Catharines, Ont. 
Sanibel 113 Stokes Seed Co., St. Catharines, Ont. 
Triple Green 146 stokes Seed Co., St. Catharines. Ont. 


* Average days from germination to 60% marketable heads in the Edmonton 
area. 

The same procedures as for tomatoes were followed for this species. 
The only differences being: 

a) The greenhouse day/night temperatures were of 18C/15C. 

b) The distance between plants in the field experiment was 45 cm 
and the distance between rows was 75 cm. Sanibel was used for guard 
rows. 

c) The leaf samples for this crop were taken according to the 
Ulrich and Smith (65, 77) method. The youngest fully matured leaf, 
including leaf blade and petiole, was taken. In the first sample due 
to the very early stage of development of the seedlings no mature leaves 
were found so the full tops from the oldest leaf upwards were taken. 

For this reason plants were transplanted at the rate of two per plastic 
pot and after the sample was taken from one in each pot the rest of that 


seedling was discarded, as in the case of the tomatoes. 


III) Laetuea sativa var. capttata L. 


Three experiments were conducted with this crop: Two greenhouse 


experiments, one in the winter of 1972-73 and one in the summer of 1973 


and one field experiment in the summer of 1973. Three cultivars were 
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selected as follows: 


Days to 
Cultivar Maturity* Source of Seed 
New York 515 103 A.E. McKenzie Seed Co., Edmonton, Alta. 
Premier Great 
Lakes 118 Stokes Seed Co., St. Catharines, Ont. 
Ithaca 128 Stokes Seed Co., St. Catharines, Ont. 


* Average days from germination to 60% marketable heads in Edmonton area. 


The same procedures as for tomatoes, with the same modifications 
stipulated for the cabbage experiments, were applied for this crop. 


New York 515 was used for guard rows in the field experiment. 
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B, Results 


1) Tomato 
1. Greenhouse Experiments. 

No significant correlations between % phosphorus and days to mat- 
urity of the cultivars studied were obtained for either the fall or 
winter experiments at any of the four harvest dates. Cultivars did 


differ in % phosphorus present in leaf tissues. 


These results are presented in Tables 1 and 2, 


2. Field Experiment. 

No significant correlation between % phosphorus and maturity were 
obtained on any of the four harvest dates. 

The total amount of phosphorus present in the plants was slightly 
higher than for the greenhouse grown plants. 

These results are presented in Table 3. 

In both the greenhouse and field experiments the highest total 


phosphorus in leaf tissues was found 5 weeks after germination. 


II) Cabbage 


1. Greenhouse Experiments. 


a) Fall 1972 experiment 


A correlation coefficient of -0.97, significant at the 5% level was 
obtained on the samples taken 9 weeks after germination. 


No significant correlations were obtained at any other stage in this 


crop. 


The results are presented in Table 4. 
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Table 1. The relationship between days to maturity and % Phosphorus 
content of leaf tissue in four cultivars of Lycoperstcon 
esculentum L., three to nine weeks after germination 
(Greenhouse, Fall 1972). 
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Table 2. The relationship between days to maturity and % Phosphorus 
content of leaf tissue in four cultivars of Lycopersicon 
esculentum L., three to nine weeks after germination 
(Greenhouse, Summer 1973). 
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Table 3. The relationship between days to maturity and % Phosphorus 
content of leaf tissue in four cultivars of Lycopersicon 
esculentum L., three to nine weeks after germination 
(Field, Summer 1973). 
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Table 4. The relationship between days to maturity and % Phosphorus 
content of leaf tissue in four cultivars of Brassica oleraceae 
var. capttata L., three to nine weeks after germination (Green- 
house, Fall 1972). 


em a a as a a aa aes a a a a a ae a a a a ee ee ee ee ee 
ee eee 


% Phosphorus 


Cultivars Weeks After Germination 

D 5 i. 9 
Emerald Acre 42 70) mY (2 10 
Copenhagen Market Early 44 59 700 . 68 
Sanibel ya 761 <3 265 
Triple Green 44 26), .69 .63 


aw dulb. Lit Rip meson eee ae manent DER Teee eon a reae ene ae Rennes acts Sebel mente ent LES bale 
Correlation between % 


phosphorus in leat 0.28 -0.01 -0.17 -0.97* 
tissue and days to 


maturity 


a ea ee Sam anDmRSIneTalUiSRILAnES UNDENGSSIBISIND EAE I 


* Significant at 5% level. 


taviep Wea¥e Bigow | ‘gate Oe 


awrarigedd’: 


natirentm 19971 koe 


ee ie = 


e ‘ : 


aaa A ' eee 


sh a eS 
. a. a 
ws Dial ‘8. 


yet 


| ms | ae Pg: oe 


42 


b) Winter 1972-73 and summer 1973 experiments 


No significant correlations were obtained at any stage in these two 
crops as presented in Tables 5 and 6 respectively. 

In the winter experiment no samples were taken 9 weeks after germin- 
ation as had been done with the other crops. 
2. Field Experiment. 

On the crop grown at Parkland Farm in the summer of 1973 no signifi- 
cant correlations were obtained on any of the 4 samples taken as can be 


seen in the results presented in Table 7. 


III) Lettuce 
1. Greenhouse Experiments. 

a) Winter 1972-73 experiment 

A correlation coefficient of +0.99 significant at the 5% level was 
obtained 3 weeks after germination, At 5 and 7 weeks after germination, 
negative, correlation coefficients of -0.53 and -0.83 respectively were 
obtained. They were not significant. 


These results are presented in Table 8. 


b) Summer 1972 experiment 


Negative correlation coefficients of -0.61, -0.60 and -1.00 were 
obtained at 3, 5 and 7 weeks after germination. The latter was signi- 


ficant at the 1% level. 


These results are presented in Table 9. 


2. Field Experiment. 
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obtained with the samples taken 5 weeks after germination and with the 
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Table 5. The relationship between days to maturity and % Phosphorus 
content of leaf tissue in four cultivars of Brassica oleraceae 


var. capitata L., three to seven weeks after germination 
(Greenhouse, Winter 1972-73). 
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Table 6. The relationship between days to maturity and % Phosphorus 
content of leaf tissue in four cultivars of Brassica oleraceae 
var. caprtata |., three to nine weeks after germination (Green- 
house, Summer 1973). 
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Table 7. The relationship between days to maturity and % Phosphorus 
| content of leaf tissue in four cultivars of Brassica oleraceae 


var. eapttata L., three to nine weeks after germination (Field, 
Summer 1973). 
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Table 8. The relationship between days to maturity and % Phosphorus 
content of leaf tissue in three cultivars of Lactuca sativa 
var. capitata L., three to seven weeks after germination 
(Greenhouse, Winter 1972-73). 


———SSae eee a a ww Sawa eee rw eee 


% Phosphorus 


Cultivars Weeks After Germination 

3 5 fi 
New Yorker eh .64 .53 
Premier Gt. Lakes 42 of .48 
Ithaca .48 61 .49 


Seen eee eeemmainanmannEERARREEERREEEEE eee 
anni aa 


Correlation between % 


phosphorus in leaf 0.99*: -0.53 =89 
tissue and days to 
maturity 


a a ene SEES IN aSnEES SINS STIS ESIESISRLSSISTSI SSN 


* Significant at 5% level. 


rover of Saw gad 
(ERSNOt saga th 


avroHgaoda 


| 


Morten FSD Yor 208eW 


— 


= 


47 


Table 9. The relationship between days to maturity and % Phosphorus 
content of leaf tissue in three cultivars of Lactuca sativa 
var. capttata L., three to seven weeks after germination 
(Greenhouse, Summer 1973). 
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samples taken 7 weeks after germination. No significant correlations were 
obtained at either 3 or at 9 weeks after germination. 


These results are presented in Table 10. 
In both the greenhouse and field experiments the highest total phos- 


phorus in leaf tissues was found 5 weeks after germination. 
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Table 10. The relationship between days to maturity and % Phosphorus 
content of leaf tissue in three cultivars of Lactuca sativa 


var. capttataLl., three to nine weeks after germination 
(Field, Summer 1973). 
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C. Discussion and Conclusions 

Of the three vegetable species assessed during these experiments 
the most consistently significant correlations were obtained with lettuce. 

No significant correlation coefficients were obtained at any point 
during the tomato experiments. 

It is interesting to note that, using other cultivars, Pandita and 
Andrew found highly significant negative correlations between % phosphorus 
and days to maturity in tomatoes (53). 

There were marked changes on total % phosphorus present in leaf tis- 
sues within cultivars, from season to season. Since all factors except 
light intensity and photoperiod were kept constant throughout the year 
in the greenhouse experiment, it appears that photoperiodism and light 
intensity may be responsible for these variations. Future experiments 
could be conducted in growth chambers where the light factors could be con- 
trolled. Unfortunately these facilities were not available during these 
investigations. 

Phosphorus content in tomatoes increased from the 3rd week to the 
5th week of plant development and decreased from the 5th to the 7th week 
remaining relatively constant from the 7th to the 9th week. 

The increased supply of phosphorus, due to fertilization, could be 
responsible for the increase observed 5 weeks after germination. A 
slight depletion of this supply, combined with some translocation effects, 
could be responsible for the decrease observed from the 5th to the 7th 
week after germination. 

The stabilization of the phosphorus levels in leaf tissues 9 weeks 


after germination was particularly surprising since the two earlier 
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cultivars and Rocket in particular had already started flowering and 


a sharp decrease, due to the translocation effects was expected at this 


Stage. 

However, when, after the experiments, the plants were grown to mat- 
urity no defficiency symptoms were observed in the foliage and the fruit- 
ing and yields were normal apparently indicating that enough phosphorus 
reserves were still available in the growing media. This availability 
could have reduced or nullified to a certain extent, the translocation 
effects that could have been expected in a phosphorus deficient condi- 
tion. 

Similar results were observed in the cabbage experiments. Only in 
one situation, 9 weeks after germination jn the 2 greenhouse experiments, 
conducted in the fall of 1972 was a significant negative correlation bet- 
ween % phosphorus in leaf tissues and days to maturity observed. All the 
other samples taken during these investigations were not statistically 
Significant. 

It is interesting to note that M.L. Pandita using other cultivars 
found a significant positive correlation between % phosphorus and days 
to maturity in this species (52). 

The same variations within cultivars from season to season that were 
observed in tomatoes were repeated in this species. Photoperiodism and 
light intensity are probably the factors responsible for this phenomenon 
as has been suggested for tomatoes. , 

The change in phosphorus levels in leaf tissues with plant develop- 
ment are not as marked as the ones observed for tomatoes. Phosphorus 
appears to increase from the 3rd to the 7th week after germination whereas 


from the 7th to the 9th week the levels remain stable, decrease or 
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increase depending on the cultivar and the time of year at which the 
experiment was conducted although the general tendency seems to be a 
slight decrease due probably to translocation of phosphorus from the 
older to the younger leaves. 

Lettuce, was the species with the inmost consistently sianificant 
correlation was obtained. | 

Although in the winter 1972 greenhouse experiment a positive signi- 
ficant correlation coefficient was éothened 3 weeks after germination, 
this was the only case in which a positive correlation was obtained. 

Data from the summer, greenhouse and field experiments indicate 
negative correlations between total phosphorus levels in leaf tissues 
and days to maturity 7 weeks after germination in the field experiment. 

In seven of the ten samplings of this species, the correlation coef- 
ficients obtained, even when not statistically significant, were negative 
suggesting that in general the earlier cultivars had higher phosphorus 
levels. 

The initial increase from the 3rd to the 5th week after germination 
in the % phosphorus present in leaf tissues of this species could be 
explained by an increase in phosphorus supply in the nutrient solution. 
The second application of 10-52-17 at 7q/1 of fertilizer solution was 
made 4 weeks after germination. This hypothesis is consistent with 
previous findings that phosphorus content of plant tissue is directly 
proportional to its supply in the nutrient solution (17, 27, 23) and is 
also consistent with the results obtained in the tomato crop. 

After this peak was attained 5 weeks after germination the decreases 
to lower levels at 7 weeks and in the summer crop at 9 weeks could be 


explained by a depletion of the phosphorus supply in the growing media and 


1 


i 


ae * 


F800 NNFIRL S705: BS ‘ast page zigd 40 eptionpe qos. ate Ye 


QVTIERSN SI46W .SNKD VERB Tie 3 Vitsottetiase: JO nate novia , benhande 2% 
é aj 7; 


jae i - | tere etamet od it bebe natu a deh 


VER 


Repco noi zantuney verte 2ieoM 2 in fous 7 me vai 


Me ae 


+e . i 


‘eas agit te 1eaN * ghey add the sel a ne-eath 


s of od sinade ysesbnss’ torsAae ett, novellas pastoub0a) ae 
ald mont 2urOHazede FO: dorssaotanew es Ufdedorg aub 


| sae 

tnedt tinptz yvitngtet zen te0n 965 GP Tw sahaage orig: enw L ac pike 
| > Danette. ew) Re 
-inota aurtsheon 6 FngMe IS MIKE ore uinogiy SIO wotiiw-one mf. ’ 
wit terns? wits .2Fa0w. t anferdto @hw saataftteos Aor 2 i 1" 
benresao 28w rae wy svaetian § ioPtw nf o8e5 lino: 4 
assotbat 2tnomrans 6 Bhat? brs e2uotnesip meow ont wort a 


aguizets Yoof af eisyal 2euwioategerta leted teaead anwdiat ’ 


otrambyvaqxe bfoi? sft oh notlenieriap. tothe oftaw A. carte oF LE 


oy 


un Nh 
ewiaiaeonq deapih bapeetividius etitsa°end Jievedep a SSF Bi tt 
ae as Api ‘| 
motianinvise wes. Nea dite ond od. BXE GNI mow » sara fston ks Lil 


od hiuo aetauqe ett to esuzers Taal at ives sc, 
alt hes jnpivsuc sd ni yvfoque 2erdonyesda ae hheniath m8, + 


- 
naw nordufoe sat ligne? to Tl te TH een oT notgeot ip ape os 


ify. Instetenoo. et ahzeAtodyd. eta 09a tea wie os 
ast ry : 
 Peaet& zi smezit aie, Fo Jipdidts anatesada, zens nibaty. auc 


a bie “45 (XS VF) nuttufoe tnerdun ont at ufggue ar f 
are 7 Re | 
gers) 


_ _ 


oe aon -8 36 qa7a aft i hn a . stow f+ 
Cond oq rr a q oy = aa 
> of nt vlan nc aaeeednalia aan err 


se Been 


30 


also by the fact that the accummulation of carbohydrates as the plant 
gets older tends to dilute the phosphorus concentration (16). 

The negative correlation coefficients between days to maturity and 
phosphorus levels for this species are in agreement with previous 
reports (52). 

The effect of phosphorus in enhancing most metabolic activities 
might explain these results either directly or, as Sommers suggested 
(66) indirectly. The enhancement of these metabolic activities will 
have an effect on growth and through it on the uptake of other nutrients. 
When uptake cannot keep pace with growth this can contribute to earlier 
maturity. 

No explanation can be given with the data available for the positive 
correlation between phosphorus levels in leaf tissues and days to mat- 
urity that was obtained in the 1973 winter experiment. 

This correlation is not only opposite to the other correlations 
found for this species but also to the general trend of the whole 


series of lettuce experiments. 
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PART TWO 


THE RELATIONSHIP BETWEEN CALCIUM CONTENT IN LEAF TISSUES AND DAYS TO 
MATURITY OF THREE VEGETABLE CROPS 


A. Materials and Methods (Common to Part One and Two). 


See Part One, page 27 


B. Results 


I) Tomato 
1. Greenhouse Experiments 
In the fall 1972 experiment no significant correlation was obtained 
at any of the four dates for which the crop was tested, however the cor- 
relation coefficients were negative in all stages of development studied. 
In the summer 1973 experiment a correlation coefficient of -0.96, 
Significant at the 5% level was obtained on the sample taken 7 weeks 
after germination. 
The correlation coefficients obtained at the other 3 dates at 
which the crop was tested were not statistically significant and with 
the exception of the sample taken 5 weeks after germination all were 
negative. 
The results for the fall 1972 experiment are presented in Table 11. 


The results for the summer 1973 greenhouse experiment are presented 


in Table 12. 
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2. Field Experiments 

The correlation coefficients obtained during this experiment were 
not significant at any of the four dates on which Samples were taken, 

The trend to negative correlations for this species was also mani- 
fested in this experiment at all four dates on which tests were made. 

The results of the experiment are presented in Table 13. 

In both the greenhouse and field experiments the highest total cal- 
cium in leaf tissues was found 5 weeks after germination. 

Burpees Big Boy in all the calcium experiments with tomato plants, 
was consistently out of line with the other three cultivars trend to 
Show a higher calcium % in leaf tissues with a shorter growing period. 
Significant correlation coefficients between % calcium and days to mat- 
urity could have been obtained at most samplings if only the other three 


cultivars had been considered. 


Il) Cabbage 


1. Greenhouse Experiments 


a) Fall 1972 experiment 
A correlation coefficient of +0.98, significant at the 5% level was 
obtained on the sample taken 3 weeks after germination. No significant 
correlations were obtained at later dates. 

The results of this experiment are presented in Table 14. 

b) Winter 1972-73 experiment 

No significant correlaticn coefficients were obtained either 3 or 
5 weeks after germination. A correlation coefficient of +0.97 at the 5% 


level was obtained with the samnles taken 7 weeks after germination. 


The results of this exveriment are presented in Table 15. 
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Table 1]. The relationship between days to maturity and % Calcium 
content of leaf tissue in four cultivars of Lycopersicon 


esculentun L., three to nine weeks after germination 
(Greenhouse, Fall 1973). 


% Calcium 


Cultivars Weeks After Germination 

3 5 7 fe) 
Rocket 1.96 2.02 2.36 (2464 
Early Fireball 1.79 2.38 250i 1.81 
Manitoba 1,52 2.30 2.00 1.74 
Burpees Big Boy iff 2.3/ 2.18 1.8] 
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Correlation between % 


calcium in leaf ~0.62 -0.80 -0.68 -0.85 
tissue and days to 
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Table 12. The relationship between days to maturity and % Calcium 
content of leaf tissue in four cultivars of Lycopersicon 
esculentun L., three to nine weeks after germination 
(Greenhouse, Summer 1973). 


% Calcium 


Cultivars Weeks After Germination 

3 5 V8 9 
Rocket 1,88 2.04 2,23 2.02 
Early Fireball 1,8) 195 1.86 2.8] 
Manitoba 1,68 1,87 1,83 2, 8) 
Burpees Big Boy 73 2.04 1.#8 2,06 


A Se al aa ere 


Correlation between % 


calcium in leaf 0.68 0.20 -0.96* -0.60 
tissue and days to 


maturity 


a 
* Significant at 5% level. 
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Table 13. The relationship between days to maturity and % Calcium 
content of leaf tissue in four cultivars of Lycopersicon 


esculentum L., three to nine weeks after germination 
(Field, Summer 1973). 


% Calcium 


Cultivars Weeks After Germination 

a 5 7 9 
Rocket 1.93 3205 2.05 2.206 
Early Fireball eee 362 1.58 ke 
Manitoba L325 J aho ese! Z.01 
Burpees Big Boy 1.79 Sted Lo0 2.06 
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Table 14. The relationship between days to maturity and % Calcium 
content of leaf tissue in four cultivars of Brasstea oleracea 


var. eapitata L., three to nine weeks after germination 
(Greenhouse, Fall 1972). 


% Calcium 


Cultivars Weeks After Germination 

3 5 7 9 
Emerald Acre 1.61 5251 325 22a] 
Copenhagen Early Market Legs 3.74 S25) Serr 
Sanibel 2.99 Sete 335 2sl2 
Triple Green 2.98 Ze18 S287 3.19 


a 


Correlation between % 


calcium in leaf 0.98* -0.73 0.83 0.83 
tissue and days to 


maturity 
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Table 15. The relationship between days to maturity and % Calcium 
content of leaf tissue in four cultivars of Brasstea oleracea 
var. capitata L., three to seven weeks after germination 
(Greenhouse, Winter 1972-73). 


% Calcium 


Cultivars Weeks After Germination 

3 5 7 
Emerald Acre 2200 3.59 ocd, 
Copenhagen Early Market 2,05 3.74 S230 
Sanibel 2.84 cia is: 3.40 
Triple Green 3.01 3,79 oid, 


eR 


Correlation between % 

calcium in leaf 0.80 0.80 0.97* 
tissue and days to 

maturity 
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c) Summer 1973 experiment 


A correlation coefficient of +0.96 significant at the 5% level was 
obtained on the sample taken 3 weeks after germination. Although 
the correlation coefficients obtained in later dates were relatively 
high they didn't attain statistically significant levels. 

The results of this experiment are presented in Table 16. 
2. Field Experiment 

Positive correlation coefficients, significant at the 5% level were 
obtained on the samples taken 3, 7 and 9 weeks after germination, No 
Significant correlation was obtained for the sample taken five weeks 
after germination. 


The results of this experiment are presented in Table 17. 


III. Lettuce 
1. Greenhouse Experiments 

a) Winter 1972-73 experiment 

Although the correlation coefficients were relatively high no sta- 
tistically significant levels were attained at any point during this 


experiment. 


The results of this experiment are presented in Table 18. 

b) Summer 1972 Experiment 

A correlation coefficient of +1.00, significant at the 1% level 
was obtained 5 weeks after germination. A correlation coefficient of 
+0.99, siqnificant at the 5% level was obtained 7 weeks after germina- 
tion. No significant correlation was obtained on the earlier sample 


taken 3 weeks after germination. 


The results of this experiment are presented in Table 19. 
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Table 16. The relationship between days to maturity and % Calcium 
content of leaf tissue in four cultivars of Brassica oleracea 


var. eapitata L., three to nine weeks after germination 
(Greenhouse, Summer 1973). 


nn ee 


% Calcium 


Cultivars Weeks After Germination 

3 5 7 9 
Emerald Acre 1.73 3.48 3..Ao7 2.88 
Copenhagen Early Market 219 3.88 3.69 2.19 
Sanibel 2.49 3 67 3.55 2.96 
Triple Green 2.79 3.195 3.89 3.39 


apes presence memes eater ap ae ager OR Nog A cE SS eee 


Correlation between % 


calcium in leaf 0.96* 0.72 0.90 0.91 
tissue and days to 


maturity 
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= Signiticant at 5% level. 
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Table 17. The relationship between days to maturity and % Calcium 
content of leaf tissue in four cultivars of Brasstea oleracea 


var. capttata L., three to nine weeks after germination 
(Field, Summer 1973). 
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% Calcium 


Cultivars Weeks After Germination 


Emerald Acre 159 3.49 2.00 2.60 
Copenhagen Early Market 2.00 4,30 3.14 2.52 
Sanibel 2.51 3.76 342 CaS 
Triple Green 2.89 3,96 3.42 2.61 
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Correlation between % 


calcium in leaf 0.97* O27 0,95* O95" 
tissue and days to 
maturity 
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* Significant at 5% level. 
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Table 18. The relationship between days to maturity and % calcium 
content of leaf tissue in three cultivars of Lactuca sativa 
var. capttata L., three to seven weeks after germination 
(Greenhouse, Winter 1972-73). 

% Calcium 
Cultivars Weeks After Germination 
a) 5 7 

New Yorker 1.05 1:05 1.41 

Premier Gt. Lakes i333 Loko Leas 

Ithaca 1.88 1.48 1.54 
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Correlation between % 


calcium in leaf 0.92 0.92 0.88 
tissue and days to 


maturity 
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Table 19. The relationship between days to maturity and % Calcium 
content of leaf tissue in three cultivars of Laetuca sattva 
var. capttata L., three to seven weeks after germination 
(Greenhouse, Summer 1973). 


% Calcium 


Cultivars Weeks After Germination 

3 5 i 
New Yorker Tee leis 1.40 
Premier Gt. Lakes 1.14 137, 1.48 
Ithaca Vere les 69 


rere eevee wa easensnentren peggy erase eg eR ne 


Correlation between % 


calcium in leaf 0.60 1.00** 0.99* 
tissue and days to 
maturity 


a 
* Significant at 5% level. 


** Significant at 1% level. 
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2. Field Experiments 


No significant correlations were obtained during this experiment 
although the correlation coefficient of +0.95 obtained 5 weeks after ger- 
mination was quite near the significant level of +0.99 for the degrees 


of freedom of our sample. 


The results of this experiment are presented in Table 20. 


67 


Table 20. The relationship between days to maturity and % Calcium 
content of leaf tissue in three cultivars of Lactuca sativa 


var. capitata L., three to nine weeks after germination 
(Field, Summer 1973). 


% Calcium 


Cultivars Weeks After Germination 


New Yorker Cory ees 0.87 0.76 
Premier Gt. Lakes 0.78 1269 0.86 0.66 
Ithaca 0.94 1.69 res 0.78 
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Correlation between % 


oleae 0.77 0.95 0.75 0.04 
tissue and days to 
maturity 
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C. Discussion and Conclusions 


Significant correlation coefficients between calcium content of 
leaf tissues and earliness were found for all crops at some stage during 
these investigations. 

Tomatoes showed a negative correlation coefficient, significant at 
the 5% level only once during these experiments. The significant cor- 
relation was found 7 weeks after germination in our 1973 summer green- 
house experiment. Eleven of the twelve samples analyzed had, even if 
not significant, negative correlation coefficients. This appears to 
indicate that, in this species, lower calcium levels in leaf tissues 
are associated with later cultivars. This is particularly true for 
Rocket, Early Fireball and Manitoba that showed this trend consistently 
through all the calcium experiments. Burpees Big Boy showed slightly 
higher % calcium than would have been expected if it had followed the 
same trend as the other three cultivars. 

Genetical differences between Burpees Big Boy, an eastern cultivar, 
and the other three cultivars used in these experiments that are exten- 
Sively used in the prairie region might be responsible for the differences 
among them in their relationship to earliness. 

The highest calcium levels in tomato leaf tissues were found 5 weeks 
after germination with decreasing amounts at 7 weeks and at 9 weeks after 
germination. 

The most consistent correlations were obtained by the cabbage exper- 
iments particularly, during the field trial where positive significant 
correlations between days to maturity and calcium content of the leaf 


tissues were obtained 3, 7 and 9 weeks after germination, 
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Similar significant correlations were obtained 3 weeks after 
germination during the fall and summer greenhouse experiments while in 
the winter experiment this correlation was found only 7 weeks after ger- 
mination. 

These results suggest that, for cabbage, a negative correlation bet- 
ween earliness and calcium content in leaf tissues, that is a positive 
correlation between days to maturity and calcium levels, exists. 

The earlier cultivars therefore apparently tend to have less calcium 
in tissue samples than the later ones. 

The inhibiting action that calcium exercises on the uptake of other 
nutrients (29), particularly phosphorus whose relation to earliness we 
have already mentioned and studied, and the effect of calcium in inhibit- 
ing the movement of all kinds of products from the cells (57) might 
explain these findings. 

These two inhibiting effects of high levels of calcium in plant 
tissues may slow down several physiological activities which in turn 
could retard plant growth and thus delay maturity in similar ways to 
those that phosphorus enhances it. Previous reports on the effects of 
high levels of calcium in plants on shoot and root growth, yields, mem- 
brane permeability and movement of products from the cell seem to be in 
agreement with this hypothesis (7, 46, 57, 69). These results, and 
hypothesis, would seem to be contradictory to our findings for tomato 
where the earlier cultivars are the ones that appear to be associated 
with higher calcium levels in leaf tissues. 

A possible explanation could be that in the particular case of 
tomatoes the calcium amounts present in leaf tissues were not high enough 


to cause the inhibiting of growth while rather detoxifying other nutrients 
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that would otherwise be in toxic amounts something that in itself will 
be beneficial on growth and indirectly On maturity. 

Evidence that calcium can enhance rather than inhibit plant growth 
under these conditions has also been reported by several authors (14, 

67 ). In cabbage, the calcium correlation with earliness appears to be 
higher at the earlier stages of plant development, where, at the third 
week after germination, three of the four crops showed significant 
correlations. 

Photoperiodism and calcium supply in the growing media might modify 
this situation. Photoperiodism could be responsible for the delay in the 
winter crop to show a significant correlation coefficient until the 7th 
week after germination. Even with the same cultivar there was very much 
variation in % calcium present at different seasons. Temperature, soil, 
water supply, fertilization and all other factors, except photoperiodism 
and light intensity were kept constant in the greenhouse cabbage 
experiments so it would be logical to assume that photoperiodism and 
light intensity are responsible for these changes within cultivars. 

Calcium supply appears to have affected the field experiments where 
Significant correlation coefficients again were apparent after transplant 
into the field that is on the 7th and 9th week after germination. 

The variation in calcium content of leaf tissues during plant dev- 
elopment seems to have followed a similar pattern to the one found for 
tomatoes where an initial increase in calcium content from the 3rd to the 
5th week was followed by a decrease at the 7th and 9th week. This decrease 
was particularly sharp from the 7th to the 9th week while very slight 


from the 5th to the 7th week. 


The dilution of calcium amounts present in leaf tissues by the 
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increase in carbohydrates in older plants might explain this phenomenon. 

In the lettuce crops significant results were only found during our 
summer experiment. A highly significant positive correlation was observed 
between calcium level in leaf tissue and days to maturity 5 weeks after 
germination. A significant correlation at the 5% level was found 2 weeks 
later during this same experiment. 

Although the correlation coefficients during our winter and our field 
experiments did not reach significant levels it is interesting to note that 
the correlation coefficients found were particularly high again at 5 weeks 
after germination approaching quite close if not actually reaching the 
5% level of significance. 

In all samples taken the correlation coefficients found were positive 
regardless of whether or not they were significant thus reinforcing the 
observation that a higher calcium content in leaf tissues was found in 
the later cultivars. The same hypothesis advanced for our cabbage results 
can apply here. 

It could be concluded that apparently there is a correlation between 
% calcium in leaf tissues and earliness. This correlation is not the 
same for all species. On cabbage and lettuce it appears to be a negative 
correlation between % calcium and earliness while on tomatoes it appears 
to be a positive one, the earlier cultivars showing higher calcium levels 
in leaf tissues. 

Factors such as genetic background, time of year, stage of develop- 
ment of the plant, calcium supply and relative levels achieved can have 
a bearing on this relationship. 

Future experiments using a larger number of cultivars and/or growing 


chambers where total environmental control can be achieved would probably 
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PART THREE 


THE RELATIONSHIP BETWEEN SHOOT:ROOT RATIO AND DAYS TO MATURITY OF THREE 
VEGETABLE CROPS 


A. Materials and Methods 


The same three species choosen for the previous experiments tomato, 
cabbage and lettuce were used during these investigations. 
I) Lycopersicon esculentum L. 

Three experiments were conducted with this crop. One in the fall 
of 1972, one in the winter of 1972-73 and one in the spring of 1973. 

The cultivars choosen for these investigations and the growing tech- 
niques were the same as the ones described for the previous tomato exper- 
iments. The only difference was that twenty-four instead of thirty-six 
plants were transplanted per cultivar, one plant per pot, and no replica- 
tions were made. 
sampling 

Three weeks after germination four plants were taken at random from 
each cultivar. The pots were removed and the soil carefully washed off 
the roots by a low pressure stream of water over a fine sieve. 

Each plant was then cut at soil level and the roots, including the 
ones that had fallen on the seive, were collected separately from the 
aerial portion. 

The four root samples of each cultivar were put in a Petry dish and 


dried for 48 hours in a draft oven at 60 +2 C. The same was done for the 


aerial portion. 
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Immediately after their removal from the oven the dried samples were 
weighed on a microbalance and the shoot:root ratio was calculated. 
The same procedure was repeated two and four weeks later i.e. five 


and seven weeks subsequent to germination. 


II) Brassica oleracea var. capitata L. 

Three experiments were conducted with this crop. One in the fall 
of 1972, one in the winter of 1972-73 and one in the spring of 1973. 

The cultivars choosen for these investigations and the growing 
techniques were the same as the ones described for the previous cabbage 
experiments. The differences were the same as the ones described in the 


shoot:root ratio tomato experiments. 


III) Laetuca sativa var. capitata L. 

Two experiments were conducted with this crop. One in the winter 
of 1972-73 and one in the spring of 1973. 

The cultivars choosen for these investigations and the growing 
techniques were the same as the ones described for the previous lettuce 
experiments. The differences were the same as the ones described in the 
shoot:root ratio tomato experiments. 


The analysis method was also the same as for the tomato shoot :root 


ratio experiments. 
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B. Results 


1) Tomato 
Ls Fall 1972 Experiment 

The correlation of shoot:root ratio with days to maturity was signi- 
ficant at the 5% level only at 5 weeks after germination when a positive 
correlation coefficient of 0.96 was found. 

Earlier cultivars had a lower shoot:root ratio than later ones, 

The correlation coefficient for the experiments as a whole, that is 
the shoot:root ratio correlation for the total of the three dates at 
which the plants were tested with the days to maturity of the specific 
cultivars was 0.89 and thus not significant mainly due to the low correl- 
ation coefficients obtained for the samples taken at 3 weeks and 7 weeks. 

The results of this experiment are presented in Table 21. 

2. Winter 1972-1973 Experiment 

A highly significant correlation at the 1% level was obtained 3 weeks 

after germination where the correlation coefficient was +0.99. 

With the seven week sample a significant correlation at the 5% level 

was obtained. The correlation coefficient at this date was 0.98. 

With the samples taken 5 weeks after germination a correlation coef- 
ficient of +0.82 was obtained, but the coefficient was not statistically 
Significant. 

The correlation for the experiment as a whole was significant at the 
5% level showing a correlation coefficient of +0.9/. 

The results of this experiment are presented in Table 22. 


3. Summer 1973 Experiment 


This experiment showed a significant positive correlation at the 5% 
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Table 21. The relationship between days to maturity and Shoot:Root 
ratio of four cultivars of Lycopersicon esculentum L. 
three to seven weeks after germination (Fall 1972). 


Shoot:Root Ratio 


Cultivars Weeks After Germination 

3 5 vi Total 
Rocket 1.48 2.98 2.95 cat 
Early Firebal] 4.35 4,05 3742 T1232 
Manitoba 2r30 5,89 0s 153 
Burpees Big Boy CRs 6.33 4,56 13.9 


ee rr enn er wee ne vent A 


Correlation between 

shoot:root ratio and 0.43 0. 96* OF 57 0.89 
days to maturity 

RIE eee i a ee 


* Significant at5% level. 
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Table 22. The relationship between days to maturity and Shoot:Root 
ratio of four cultivars of Lycoperstcon esculentum L. 
three to seven weeks after germination (Winter 1972-73). 


Shoot:Root Ratio 


Cultivars Weeks After Germination 

3 3 7 Total 
Rocket Ta t5 3.48 2.53 LEN 
Early Fireball 1.89 B23) 3.14 8.34 
Manitoba feiss 4.05 3.90 10.08 
Burpees Big Boy 2.80 4.65 4,35 11.80 


Ne ene ene ER SN RE a a eee 


Correlation between 
Shoot:root ratio and 0.99** 0.82 0.98* 0. 97* 


days to maturity 
* Significant at 5% level. 


** Significant at 1% level. 
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level on all the three dates that samples were taken. 

The correlation coefficients at 3, 5 and 7 weeks after germination 
were +0.96; +0.95; +0.98 respectively while the correlation coefficient 
for the whole experiment was +0.96. 

The correlation for the whole experiment was also Significant at 
the 5% level. 


The results of this experiment are presented in Table 23. 


II) Cabbage 
1. Fall 1972 Experiment 


A significant correlation, at the 5% level was obtained 5 weeks 
after germination when the correlation coefficient was +0.99. With 
the 7 week samples a positive correlation coefficient of 1.00 was 
obtained. The correlation was significant at the 1% level. 

The correlation coefficient of +0.86 for the whole experiment was 
not significant due mainly to the very low +0.22 correlation found on 
the sample taken 3 weeks after germination. 

The results of this experiment are presented in Table 24. 

2. Winter 1972-1973 Experiment 

Although no significant correlations were found for any of the 3 
dates at which samples were taken the experiment as a whole gave a 
correlation coefficient of +1.00, significant at the 1% level. 

The results of this experiment are presented in Table 25. 

3. Summer 1973 Experiment 

A correlation coefficient of +0.99, significant at the 5% level was 

obtained on the sample taken 3 weeks after germination, No significant 


correlations were obtained at later dates and the 
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Table 23. The relationship between days to maturity and Shoot:Root 
ratio of four cultivars of Lycopersicon esculentum L. 
three to seven weeks after germination (Summer 1973). 
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Shoot:Root Ratio 


Cultivars Weeks After Germination 

3 5 7 Total 
Rocket i 3.42 3. bd: o. 2h 
Early Fireball 2. 05 4.20 3. A0 9.95 
Manitoba 2.61 6.04 4, 13 ka. 78 


Burpees Big Boy 3.24 1209 4,88 15 c! 


re repre ree ee rs A A ST Oe 


Correlation between 
shoot:root ratio and 0.96* 0.95- 0.98* 0.96* 


days to maturity 
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te Significant at h% level. 


** Significant at 5% level. 
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Table 24. The relationship between days to maturity and Shoot:Root 
ratio of three cultivars of Brassica oleracea var. capttata 
L. three to seven weeks after germination (Fall 1972). 
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Shoot:Root Ratio 


Cultivar Weeks After Germination 

3 5 7 Total 
Emerald Acre tect 3.04 Pia 6,94 
Copenhagen Early Market CeO 3.60 Cade 9.08 
Triple Green Tog 4.25 3.86 10.00 


SS CR 


Correlation between 
shoot:root ratio and Oe22 0.99% V200** 0.8621 


days to maturity 
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* Significant at 5% level. 


** Significant at 1% level. 


sui: apad2 Hin 
hart ee 7 
peat . Save 
CNB The! 
rearenemnhe Sdebeasedeont+>+=s>sen eee == 


~ 


otteH Sook soore 


1 
ee Se 


notisntmas VePtA cdeaW 


8] 


Table 25. The relationship between days to maturity and Shoot:Root 
ratio in three cultivars of Brassica oleracea var. capitata 
L. three to seven weeks after germination (Winter 1973-1973). 


Shoot:Root Ratio 


Cultivars Weeks After Germination 
3 Ls] vi Total 
Emerald Acre 0.92 8792 1.85 6.69 
_ Copenhagen Early Market 1.45 353 2536 7.34 
Triple Green 1289 4.62 2298 2.93 


Se ee ee ol 


Correlation between 
shoot:root ratio and 0.94 0.48 0.96 1.00** 
days to maturity 


pa Eee a ER Sm A a a 


' ** Significant at 1% level. 
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correlation coefficient for the whole experiment, of +0.79 was not signi- 


ficant either. 


The results of this experiment are presented in Table 26. 


III) Lettuce 
1. Winter 1972-73 Experiment 

No significant correlations were found either for the sample taken 
at 3 weeks after germination or at the one taken 5 weeks after germina- 
tion and neither was the correlation coefficient for the whole experiment 
of +0.74 statistically significant. 

The results of this experiment are presented in Table 27. 
2. Summer 1973 Experiment | 

A correlation coefficient of +1.00, significant at the 1% level was 
obtained for the sample taken 7 weeks after germination. The correlation 
coefficients of -0.34 three weeks after germination, of +0.21 five weeks 
after germination and the correlation coefficient of +0.87 obtained for 
the arene experiment were not statistically significant. 


The results of this experiment are presented in Table 28. 
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Table 26. The relationship between days to maturity and Shoot:Root 
ratio in three cultivars of Brassica oleracea var. capitata 
L. three to seven weeks after germination (Summer 1973). 


Shoot:Root Ratio 


Cultivars Weeks After Germination 

3 5 7 Total 
Emerald Acre 1.09 3.24 2cle 6.45 
Copenhagen Early Market 1.29 4.49 2.79 8.57 
Triple Green 1.66 4.19 Se Wi 9.02 


Correlation between 
shoot:root ratio and 0.99* 0.49 0.89 0.79 
days to maturity 
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* Significant at 5% level. 
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Table 27. The relationship between days to maturity and Shoot:Root 
ratio in three cultivars of Lactueca sativa var. capitataL. 
three to five weeks after germination (Winter 1972-1973). 


Shoot:Root Ratio 


Cultivars Weeks After Germination 

3 5 Total 
New Yorker k,.62 5.01 6.63 
Premier Gt. Lakes PaaS 42s 9,53 
Ithaca 2.30 6.28 8.58 


rer rr 


Correlation between 
shoot:root ratio and 0.94 
days to maturity 
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Table 28. The relationship between days to maturity and Shoot:Root 
ratio in three cultivars of Lactuca sativa yar. capttata L. 
three to seven weeks after germination (Summer 1973). 


i ee SS SS SS 8 8 SS 88 SSS SS SS 8 8 ee eee re ee oe ae ae cre ee ee ee ee ee ne oe ee a oe as ee es oe ee oe 0 es) ee ee te ee 
en eta 
— SS SS SS EE EE SE EE EE EE EE ET = 


Shoot:Root Ratio 


Cultivars Weeks After Germination 

8 5 / Total 
New Yorker 1.49 6.28 5.00 W267 7 
Premier Gt. Lakes 3.31 8.33 Se62 20.26 
Ithaca Peasy? 6550 10.4] 19.43 


Correlation between 
shoot:root ratio and | -0,34 O24 1.00% * 0.87 
days to maturity 


ne 


** Significant at 1% level. 
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C. Discussion and Conclusions 

Some positive, significant correlations between shoot:root ratio 
and days to maturity were obtained in all three species, 

Tomatoes, particularly during the summer experiment showed the most 
consistent results. Significant, positive correlations, between shoot: 
root ratio and days to maturity were observed in six out of the nine 
dates at which samples of tomatoes were taken during these experiments. 
In all cases, including the ones that were not significant, positive 


correlations were obtained. 


The correlation coefficients for the total data of two of the three 
experiments (Tables 22 and 23) was also significant at the 5% level. 

These results suggest that a relationship exists between the shoot: 
root ratio of a cultivar and the time it takes to mature. The lower 
the shoot:root ratio, the earlier the cultivar can be expected to 
mature. 

In the case of the tomato cultivars this relationship can be obser- 
ved from the earliest stages of plant development (3, 5 and 7 weeks after 
germination) but this does not preclude its continuance at later dates 
not included in the scope of these experiments. 

A possible explanation for these observations was referred to, in 
the literature review ( p. 22 ). 

A plant that has proportionally a larger root system to provide 
for the nutritional and moisture requirements of its aerial part would 
have a definite advantage for a faster uptake of elements that eventually 
can become limiting factors and thus enhance maturity. 


This would be similar to Sommer's (66) explanation for the enhancing 


> 


otis toovsdooda. ‘aseuted snot tant. 


. astoeqay 9d iN ATT 


t20n and bewattedneniraqe vimve ane ory tact 


spore haawded enol tel orI99 ovis tad, 
enta off to due ke nt bavteedo ane 
2tdominaoks  seeny entaah: hsisd s1gine <visnas 90: onfanoe 


‘Aa 


vitteeq .Insatttant2 ton svew Peds zane 88 nites 
f rheatasie mW 2 


dt oid 76 Owt to séeb fatot add 107 sinato Mises notisf 
Joyal sé ott Js Inssthinpte oelsvcew (Shing sf wotdet) # 

:‘Joone orld nadwred. etatxe qrdenotisiaye fede: ‘egpue 2: a — 
Yewol, SitT. yoyusein:oF eSWas $i Sint: ant bab yowheNus 6 we ' 

of hedseqxd saudah ove > sa vat ines at aa . i 


a 


i 
a 


ayoado. 4d is0 qhtenoiteson aide riewitfen ait an 
-yeete edeow § bre 2) 6), tosis ava inafa we paint 
ae fh va36T 38 SNH HEAD att sbulosag sori’ anh 2 


. SIN eaxe agit a paeae sh 
rane: : 
i (Od beive?et 26w enordevtsedo geod OF fF ete : 
. | Wee, : \ As SS sys 


shitvere of. set2y2 Jooy ogy 6 ui SNE ips 
bivaw sug Indies 237 Yo .2tmames hyper seatuhaidhiess 
pineal edt 2tneoofe to elmtqu vetes) 6.wr's as 
ET Ra IS aE -—s 


87 


effect that phosphorus seems to have on maturity although in this case 
the faster uptake is not through the indirect hastening of metabolic 
activities but rather to a proportionally larger absorption surface. 

It would also agree with the observations reported by Meyer and 
Anderson (44) that an increase in carbohydrate content in the plant 
would decrease the shoot:root ratio since we know that carbohydrates 
increase with increased maturity and thus lower shoot:root ratios can be 
expected in earlier maturing cultivars. 

In the cabbage experiments, positive significant results were obser- 
ved both in the fall and in the summer experiments and while no individual, 
Significant, correlation coefficients were obtained during the winter 
experiment, the correlation coefficient for the total data of that crop 
was significant at the 1% level. 

In lettuce, where only two experiments were conducted, a positive, 
Significant, correlation coefficient was found only during our summer 
experiment, seven weeks after germination, 

The fact that no significant correlation coefficients were found, 
during our winter experiments for either cabbage or lettuce, may be 
partially due to the adverse light conditions prevailing during that 
season that were responsible for poor head formation or abnormal plant 
development on both crops. 

Furthermore, for both crops and particularly for lettuce it was very 
difficult to save the whole root system due to the extreme brittleness 
and fine texture of the roots of these species. If we observe the 
results we can see that in most cases when no significant correlations 
were obtained this was due to one cultivar showing an abnormally high shoot: 


root ratio. Since particular care was taken to have uniform plants, at 
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least in reference to the aerial parts, these results could be explained 
by the loss of part of the root systems during the washing ieee 
The same hypothesis explaining the positive correlation between 
shoot:root ratios and days to maturity could be applied for these crops. 
Further work is suggested to determine whether a particular kind 
of development of the root systems i.e. horizontal vs. vertical growth, 
is significantly different among cultivars and if it has a bearing on 
earliness. Previous investigations (54), although not directly orienta- 
ted towards this objective, seem to indicate that this might be the case. 
We believe that the strong possibility that days to maturity are 
positively correlated to shoot:root ratio of different cultivars within 


a species has been proven by these experiments. 
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PART FOUR 


THE RELATIONSHIP BETWEEN NET ASSIMILATION AND DAYS TO MATURITY OF THREE 
VEGETABLE CROPS 


Two vegetable species: tomato and cabbage were selected for this 


experiment. 


The plants were grown in the Plant Science greenhouses of the 


University of Alberta. 


A. Materials and Methods 
I) Lycopersicon esculentum L. 


Three tomato cultivars were selected as follows: 


Days to 
Cultivar Maturity* Source of Seed 
Rocket 101 Stokes Seed Co., St. Catharines, Ont. 
Early Fireball led Stokes Seed Co., St. Catharines, Ont. 
Burpees Big Boy 134 Robertsons Seed Co., Edmonton, Alta. 


* Average days from germination to 6 ripe fruit in Edmonton area. 
The seeds were sown in small flats using 50-50 UC mixture (Apdx I) 
as the seedling medium. 
Row spacing was 6 cm and the day/night greenhouse temperature 
was 25C/20C. Two weeks after germination the plants were pricked out 
and transplanted into 15 cm plastic pots containing 50-50 UC mixture. 
Twelve plants were transplanted for each cultivar taking special 


care to choose as uniform seedlings as possible. 


Each plant was watered with 50 ml of a starter solution consisting 


of 7 g/l of 10-52-17. 


A second, 50 ml application of 10-52-17, was given two weeks later. 
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Analysis 


Five weeks after germination the plant closest to the median size 
for the cultivar was selected and taken, 2 hours in advance of the exper- 
iment to a growth chamber where an MSA Model 200 LIRA Infrared Gas Analy- 
zer was installed. 

The IRGA was warmed up for 30 minutes befor use to allow the cells 
to reach a controlled temperature of 65-75C. This temperature was well 
above that to be expected for the ambient air and would take care of any 
temperature fluctuations that may occur in the sample and reference gas 
streams. These fluctuations might otherwise cause changes in pressure and 
volume and thus affect the concentration readings. The analyzer was zeroed 
and spanned using standard gases as described by Mayo, et al. (42). 

A flow rate of 4.7 1/minute was used for this experiment. 

After all these initial operations were performed the 5th leaf from 
the top of the selected plant was set in an hermetically sealed curette. 

The temperature of the growth chamber was set at 23 C. 

Twenty minute readings at three different light intensities of 
02139, G:193 and 0.289 cal. cm7? min, a respectively and one in darkness, 
were taken. 

Ten minute intervals between readings were used to check the zero 
line and to allow the plant to adapt to the new environmental conditions. 
The same measurements were then taken at 11°C. 

When all measurements had been taken the curette was removed and the 
leaf was dried for 48 hours in a draft oven at 60 +2 C. The same procedure 
was used for all cultivars. 

The dried leaves were weighed in a microbalance and the results 


expressed as mg of C0, fixed per hour, per gram of dry weight. Two weeks 
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later, 7 weeks after germination, exactly the same procedure was repeated 


for the three cultivars. 


II) Brassica oleraceae var. capitata L. 


Three cabbage cultivars were selected as follows: 


Days to 
Cultivars Maturity* Source of Seed 
Emerald Acre 80 Stokes Seed Co., St. Catharines, Ont. 
Sanibel i eg se Stokes Seed Co., St. Catharines, Ont. 
Triple Green 146 Stokes Seed Co., St. Catharines, Ont. 


* Average days from germination to 60% harvestable heads in the Edmonton 
area. 


The day/night greenhouse temperature was 18C/15C. 

The youngest fully developed leaf was selected for the readings. 
The CO, flow was 5.5 1/minute. 

The rest of the growing and analysis procedures were the same as 


the ones described for tomatoes. 


Due to lack of availability of the IRGA measurements were taken 


at one date only (6 weeks after germination). 
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B. Results 


Due to the limited size of the sample no statistical analysis of the 
results was possible. 

The net assimilation results were expressed as milligrams of CO. 
fixed per hour, per gram of dry weight of leaves. 

The conversion formula was: img CO, g7| fra) ocd CO, ppm x 1.96 mg 
C0,,/1000 1 x flow in 1 CO./minute x 60 minutes/hr x 1/dryweight in grams. 

Light intensity was expressed as Calories om? minute” |. This 
energy measure is considered to be a better expression of radiation in 
tensities than the traditional foot candles. 

One cal. cn. minute is considered to be equivalent to approximately 
4.4 x 10° ft. cndls. for a light meter the peak efficiency of which is 
similar to the human eye. 

The results are shown in a graphic form to facilitate the observa- 
tion of the net assimilation trends and curves of the cultivars studied 
under the different environmental conditions used in these experiments. 


The results of the different experiments are shown as follows: 


I) Tomato 
1) Five weeks after germination, 11 C ----- Figure 2 
2) Five weeks after germination, 23 C ----- Figure 3 
3) Seven weeks after germination, 1] C ----- Figure 4 
4) Seven weeks after germination, 23 C ----- Figure 5 


II) Cabbage 
1) Six weeks after germination, 11 C ----- Figure 6 


2) Six weeks after germination, 23 C ----- Figure 7 
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LEGEND: 


=Rocket 


‘mame Early Fireball 


mums —Burpees Big Boy 


NET ASSIMILATION (mg CO, g™ hr™’) 


Oo . =e 23 
RADIATION (Cal. cm.-2 min.-!) 
Fig. 2. Net assimilation of three tomato cultivars five weeks after 


germination at various light levels and at a constant tempera- 
ture of Ty ¢.. 
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LEGEND: 
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wu —Burpees Big Boy 


NET ASSIMILATION (mg CO, g™ hr7*) 


RADIATION (Cal.cm.-2 min.-7) 


Fig. 3. Net assimilation of three tomato cultivars five weeks after 
germination at various light levels and at a constant tempera- 
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-=Rocket 
| 8 Eo & =Early Fireball 
“ummm —Burpees Big Boy oO” 


FE Saget pet nth 


NET ASSIMILATION (mg CO, g” hr7’) 


‘e) el inca 3 
RADIATION (Cal. cm.2 min.-") 


Fig. 4. Net assimilation of three tomato cultivars seven weeks after 
germination at various light levels and at a constant tempera- 
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A 
LEGEND: 
=-=Rocket 
‘eens Early Fireball 
mumens —Burpees Big Boy f 


pos 2 De eC) 


mone 


NET ASSIMILATION (mg CO, g™ hr’) 


© ° el id Py 4 ed 
RADIATION (Cal. cm.-2 min.~') 
Fig. 5. Net assimilation of three tomato cultivars seven weeks after 


germination at various light levels and at a constant tempera- 
ture OL co Gs 
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LEGEND: 


=Emerald Acre 


ems sem -Sanibel 


mma -Triple Green 


NET ASSIMILATION (mg CO, g” hr’) 


a, a " aR 2 : "] 
RADIATION (Cal.cm-2 min.~’) 
Fig. 6. Net assimilation of three cabbage cultivars six weeks after 


germination at various light levels and at a constant tempera- 
ture of Ti C. 


| q Ae c 
H YY - 
ny aD oe - 
. nh in ie ; f 
: ae ; 
t J re y 7 
a | 


pony 
aa A . oven 
tosbinig < ore a nd q 


one aleiits « mere 


' 
ia 


2 e ’ 
b, q 
® ’ 
"‘., é 
Xs 
i ms 
4 
J 
a. 
| 
- 
‘ hs 
: 
: 
. ar 
. t . 
‘ ' : , al 
ae a} » 
a } 7 r. z . a yy é beh s vei i Pinos : 
7 : iy a ys: a : 
‘, ros, on A Bt = te 


nw : & vies se v 


7 * 


6 pilsou Rte acevit yes? on patina & 
FHHIZIOD & 78 O46 Pine ill nat 


[i Ve 


_— 
yt 


98 


LEGEND: 


=Emerald Acre 


temees - Sanibel 


ammas -Triple Green 


NET ASSIMILATION (mg COQ, g™ hr7") 


oO a ol Toe: oo 


RADIATION (Cal.cm.-2 min.-") 
Fig. 7. Net assimilation of three cabbage cultivars six weeks after 


germination at various light levels and at a constant tempera- 
ture of 23 C. 
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C. Discussion and Conclusions 

Although due to the limited scope of this experiment we are not 
able to make any definite conclusions, certain interesting facts are 
suggested from the data available. 

The age of the plant appears to affect the ability of the plants 
to photosynthesize. This effect is not the same for all cultivars. If 
we compare the results obtained for the tomato experiments 5 weeks after 
germination (Figures 2 and 3) with the ones obtained 7 weeks after 
germination (Figures 4 and 5) we can see that Burpees Big Boy, the 
latest maturing cultivar, seems to be a much more efficient photosynthe- 
sizer at the earlier stages of its development. A decrease of 29% in 
the average net assimilation rates at 11 C was observed from the 5th to 
the 7th week of this cultivar's development. 

Rocket, our earliest maturing cultivar, showed on our experiments 
the opposite tendency. While Burpees Big Boy appears to nenaaal better 
at the aaevide stages of its development, Rocket's average net assimila- 
tion rates were higher 7 weeks after germination than 5 weeks after 
germination. At 11 C an increase of 23% was observed in the average 
net assimilation rates when we compare the values obtained at the 5 week 
and 7 week stages of development. At 23 C the increase was in the order 
Of 1 t2%: | 

Early Fireball, a cultivar the maturity of which lies between the other 
two cultivars mentioned, showed, as Burpees Big Boy, a very marked decrease 
in the average net assimilation rates values with an increase in age 


from 5 to 7 weeks after germination, This decrease both at 11 C and 


at 23 C was in the order of 33% of the average net assimilation values 


Obtained 5 weeks after germination. In the case of Early Fireball 
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however this decrease was mainly due to a reduction of the light satura- 
tion point of the cultivar that at light intensities as low as 0.193 
cal. cm min7! was already saturated not responding to any further 
light increase as we can see in Figures 4 and 5, 

The effect of an increase in light intensities on the other two 
tomato cultivars (Rocket and Burpees Big Boy) was always an almost 
proportional increase in their average net assimilation rates at both 
stages of development studied for both 11 and 23 C measurements. 
Showing that neither of these two cultivars had, under the light inten- 
Sities used, reached its light saturation point. Early Fireball as we 
have mentioned before showed this kind of response only during the 
measurements taken 5 weeks after germination, In the second set 
of measurements, taken 7 weeks after germination, light intensity 
increases beyond 0.139 cal. cm” min’! rroduced only a small increase 
in the average net assimilation rates for this cultivar, When light 
intensities in the order of 0.193 cal. em” min” had been reached no 
further increases in average net assimilation rate were achieved. The 
cultivar apparently had reached its light saturation point. 

The effect of temperature on the average net assimilation rates 
of the tomato cultivars under study was not uniform for all three 
cultivars. On the basis of the data available we can suggest that 
Burpees Big Boy, the latest cultivar, has a relatively low optimum 
temperature for average net assimilation, especially at the earlier 


stages of its development. Five weeks after germination the net 
assimilation rates at 1] C were 11% higher on the average than the rates 
obtained at 23 C. Seven weeks after germination a slight reverse was 


made and the average net assimilation values at 23 C were 1% higher 
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than the ones obtained at 11 C. This difference is due only to the 
higher value (8%) obtained at 23 C for the highest light intensity 
studied (0.289 cal, cm@? min” |) while at lower light intensities the 
values obtained at 11 C were still higher than the ones obtained at 
23 C (7.5% higher at 11 C in both cases). 

Rocket, the earliest cultivar, showed the opposite tendency. Five 
weeks after germination the average net assimilation values observed 
at 23 C were 10% higher than the ones obtained at 11 C while 7 weeks 
after germination this tendency had been reversed and the net assimila- 
tion rates obtained at 11 C were an average of 10% higher than the ones 
obtained at 23 C. The only exception in this tendency was found in the 
readings obtained at the highest light intensity used for this experi- 
ment (0.289 cal. m7? nan en where the values obtained at 23 C were 
still 3% higher than those obtained at 11 C. 

The response of Early Fireball to different temperatures appears 
to be more dependent on-light intensities than the other two tomato 
cultivars. While at both dates studied the average net assimilation 
rates were higher at 23 C than at 11 C the response varied very much 
between light intensities. Five weeks after germination the net 
assimilation values obtained at 23 C were 1% higher than those observed 
at 11 C but this is only on average terms. At a light intensity of 
0. 1395eait m7? mint the values obtained at 23 C were actually 18% 
lower than the ones obtained at 11 C. No difference was observed 
between both temperatures at 0.193 cal. cm”? min”! while at 0.289 
cal. cm™* min! the values obtained at 23 C were 11% higher than the ones 


obtained at 11 C this last figure being the one that determines a total 


difference of 1% higher values at 23 C, Seven weeks after germination 
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the average net assimilation values obtained at 23 C were 8% higher than 
the ones obtained at 11 C but an actual reverse in the response to light 
intensities, in relation to temperature, seems to have taken place. 

At light intensity 0.139 cal, cm™2 min”! the values obtained at 23 C 

were 16% higher than those obtained at 11C. Ata light intensity of 
ORTOP heal. em7* min”! there was no difference between the two tempera- 
tures studied while at a light intensity of 0.289 cal, cm” min7! the 
values obtained at 23 C were 4% lower than the ones obtained at 11 C. 
This is the opposite trend to the one observed 5 weeks after germina- 
tion where the highest light intensity showed larger net assimilation 
wecescabetlrGathan ,atu23 nc. 

On the cabbage experiments no comparisons were possible to deter- 
mine the effect of age on the cultivars of this species. The light and 
temperature effects on net assimilation rates for the three cultivars 
studied seem to be in agreement with the results observed on their 
tomato counterparts. 5 weeks after germination. 

Six weeks after germination, Triple green, as Burpees Big Boy its 
tomato counterpart for these experiments, appears to have a relatively 
low optimim temperature at this stage of its development. The average 
net assimilation rates at 11 C were 22% higher than the values obtained 
fornthisecultivargat 23°C: 

Sanibel a cultivar the maturity of which lies between the other 
two, showed an average net assimilation value 16% higher at 23 C than at 
11 C. The only exception to this trend were the values found at a light 


intensity of 0.289 cal, cm” 2 mins | where the net assimilation rate at 


23 C was 13% lower than the one observed at 11 C. 


Emerald Acre, the earliest maturing cultivar, showed 6% higher net 
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assimilation rates at 23 C than the ones observed at 1] C. The excep- 
tion for this trend were the values found at a light intensity of 0.139 
cal. cm™¢ min”! where the net assimilation rate at 23 C was 74% lower 
than the one observed at 1] C. Due to the small magnitude of these 


values (7.8 CO, mg ii 


bra! atdlleGeand 1.8 CO, mg g7! hes! atn2sucy) 
this high percentage difference might not be as Significant as it would 
appear and its influence in the average trend of the cultivar is not as 
great as the percentage value would indicate. 

The response of all three cultivars to an increase in light inten- 
Sities was always an increase in net assimilation rates denoting that 
we had not reached, during this experiment, the light saturation point 
for any of them. 

Sanibel showed the most marked increases in net assimilation rates 
with increases in the light intensities so that a a light intensity of 
0.289 cal, cm7* min7! this cultivar had either reached or surpassed the 
net assimilation rates of Triple Green which at the other two light 
intensities used in these experiments had the highest net assimilation 
rates of the three cabbage cultivars under study. Triple Green showed 
the slowest increases in net assimilation rates with increases in light 
intensity and at 23 C it seemed to be close to its light saturation 
point when the light intensity reached values of 0.289 cal, om min” 

What is the significance of these results and how could they have 
a bearing on their maturity periods? 

| The data obtained in these experiments suggest that different 
cultivars even if they belong to the same species, have different 


responses to changes in age, light and temperatures. These factors 


function in a complex relationship. While age can modify the light 
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saturation points of different cultivars, light intensity can in turn 
affect their response to different temperatures. This was very obvious 
in the Early Fireball tomato cultivar where light intensities were the 
factor determining positive or negative changes in net assimilation rates 
when the temperature was raised from 11 C to 23 C. Age also influenced 
these responses and actually reversed the trend of different light inten- 
sities to increase or decrease net assimilation rates with an increase 

in temperature as we can see by comparing the values and percentage 
Changes of Early Fireball net assimilation rates 5 and 7 weeks after 
germination. 

This influence of age and light intensity on response to tempera- 
ture increases was also observable to a greater or lesser degree in all 
the other tomato and cabbage cultivars studied during these experiments. 
These complex responses to the different environmental factors in which 
we can not really talk of isolated optimum values agrees with Blackman 
and Meyer reports on this subject ( 9, 44 ). 

The effect of the relatively low temperature, under the conditions 
of this study, is particularly interesting in respect to the latest 
maturing cultivars used for tomatoes and for cabbages. Burpees Big 
Boy, our latest maturing tomato cultivar and Triple Green, our latest 
maturing cabbage cultivar seem to perform better, at least during the 
earlier stages of their development, at lower than at higher tempera- 
tures. Seven weeks after germination this trend was no longer apparent 
in our tomato experiments where both temperatures produced quite simi- 
lar results. No observation of the effect of age on this trend was 


possible in our cabbage experiments. 


It is also interesting to point out that during the earlier stages 
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of plant development both Burpees Big Boy and Triple Green appear to 

be as good or better photosynthesizers than their earlier counterparts, 
specially at 11 C and, for cabbage, at the lower light intensities 
studied. 

The explanation of this response to temperature changes could be 
explained by figure 8. This graph relating the effects of temperature 
On photosynthesis, respiration and net assimilation is similar to the 
one given by Kramer and Kozlowski for Pinus cembra seedlings in their 
book dealing with the physiology of trees (37). 

Five weeks after germination the net assimilation curve of Burpees 
Big Boy could be similar to the net assimilation curve X. A and A' 
would be the values found at 11 C and at 23 C respectively. As we can 
see at 23 C the peak has been exceeded and our net assimilation rates 
have started to decrease. Point A, being closer to the "optimum" 
temperature for this cultivar, under the conditions of our study, would 
Show higher net assimilation rates than A' that is slightly further 
away from this point. It is important to realize however that one (A) 
has not yet reached this "optimum" value while the other (A') has 
already surpassed it. 

A change in cultivar, light intensity or age could shift the curve 
along the abscissa. In the case of Burpees Big Boy 7 weeks after germin- 
ation the net assimilation curve could have shifted slightly to the 
B and B' would be the net assimilation rates at 11 C 


right to curve Y. 


and 23 C respectively. In this case both of them would be practically 


equidistant of the "optimum" temperature for this curve and practically 


no difference (1%) could be found between them. The fact that 2 differ- 


ent plants were used in these experiments could be responsible for this 
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TEMPERATURE 


Hypothetical Photosynthesis, Respiration and Net Assimilation 


curves. 
(See text page 105 for explanation of curves X, Y and Z). 
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Slight change rather than age. Higher temperatures however would decrease 
the net assimilation rates since the optimum temperature seems to have 
been surpassed. 
In the case of Rocket, our earliest tomato cultivar, the net assimi- 
lation curve could be similar to Z and since the "optimum" temperature 
at the environmental conditions of our experiment, was not reached, 
increases in temperature would increase the net assimilation rates until 
this temperature had been reached. 
Light intensity changes can have the same shifting effect on the 
net assimilation curve as age or different cultivars had and change the 
position of our "optimum" temperature. This seems to have been the case 
in several of our results and particularly in Early Fireball tomatoes. 
If this hypothesis is right it could partially explain why Burpees 
Big Boy and Triple Green are our latest maturing tomato and cabbage 
cultivars, Early in the season they can perform as well or better than the 
earlier cultivars, later in the summer when higher temperatures can be expec- 
ted there is a marked decrease in the net assimilation rates of these cult- 
ivars, while the earlier ones would take advantage of the higher temperatures 
Since they appear to have a higher "optimum" temperature under similar conditions. 
Rocket, our earliest tomato cultivar, showed a very marked increase 
jn net assimilation rates with age. In this case the shift in the curve 
was along the ordinate and similar to the effects of higher light inten- 
sity within the same temperature conditions when a shift is the curve 
also would be in the ordinate axis. This marked increase in net assimi- 
lation rates, by far exceeding the values found for Burpees Big Boy or 
Early Fireball, would be a good explanation of its earliness since it 


would mean that at this stage Rocket would be able to increase in dry 
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weight much faster than any of the other two studied. 

The reason why Early Fireball is earlier than Burpees Big Boy 
remains unclear even if our previous hypothesis on the effect of higher 
temperatures later in the season holds true. Early Fireball net assimi- 
lation values were very low during the whole experiment. Possible acla- 
mation effects or other experimental errors might be the cause for Early 
Fireball Showing such a low light saturation point 7 weeks after germin- 
ation. It is conceivable that Early Fireball could follow a pattern of 
increasing net assimilation rates similar to Rocket either at this stage 
or late in the season. It could be however that we will have to look 
into other factors for this cultivar. Even if its net assimilation rates 
on the 5th leaf from the top, are lower, the total net assimilation rate 
for the whole plant might be higher. Factors as anatomical or morpholo- 
gical differences, later senescing leaves or earlier photosynthesizing 
younger leaves could influence its total net assimilation. It is 
interesting to point out that Burpees Big Boy has a much more bushy 
form than Early Fireball and self-shading for most of the photosyn- 
thesizing area of this cultivar could put it at a disadvantage in terms 
of whole plant net assimilation when compared with Early Fireball. 

No explanation for the difference in earliness between our cabbage 
cultivars can be offered on the basis of the data available except for 
the apparent similarities in their response to temperatures of Burpees 
Big Boy and Triple Green that were mentioned. 

Later in their development marked increases in the net assimilation 


rates of Sanibel and especially Emerald Acre might be possible as we have 


observed in the case of Rocket. Higher whole plant net assimilation 


rates, as has been suggested for Early Fireball, might also be shown by 
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these cultivars. Further experiments on this subject using a larger 
scope of temperatures, light intensities, development stages and 
cultivars should provide a better basis to understand this complex 
phenomenon of vegetative earliness. 

We believe however that these experiments have provided us with 
some very interesting working hypotheses and have opened several 
important questions on this subject that will help future researchers 
to conduct a more detailed analysis of the factors that affect 


earliness in this species in its relationship with net assimilation. 
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APPENDIX ONE 
Chemical Ingredients for the U.C. Soil Mixture used in these 
experiments (50 Per Cent Fine Sand, 50 Per Cent Peat Moss) 
Amount of materials to be added to each cubic yard: 
120 g Potassium nitrate 
120 g Potassium sulphate 
1125 g Superphosphate 
800 g Calcium carbonate 
600 g Magnesium carbonate 
42 g Hoof and Horn 
Analysis of the mixture in ppm: 
N P K Ca S SO1..Satts pH 
g 19 29 150 150 les 6.4 
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